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CHAPTER 1 
INTRODUCTION 
Setting and Study Objectives 
Providing adequate water supplies to meet our 
growing needs is becoming a problem of serious concern. 
In many regions of the United States, and in the country 
as a whole, the demand for water, in diversions to various 
uses, exceeds the supply of water of good quality. 
Traditionally, the response to this clean water or cheap 
water shortage has been to reach out further in distance 
for new supplies. More recently, other alternatives have 
been proposed, and in fact, are being implemented in 
scores of individual situations. These include reallocation 
by the market process (Hirshleifer, DeHaven, and Milli-
man, 1963), greater reuse of effluents by agriculture 
(Hirsch, 1969), recycling of industrial process water 
(Gloyna et al., 1970), renovation for municipal reuse 
(Haney, 1969), and desalting sea water and brackish 
waters. 
In addition, planning for comprehensive regional 
water quality management, as specified by the "Clean 
Water Act," requires consideration of two factors: (1) The 
requirement to upgrade wastewater effluents to meet 
more stringent water quality standards by specific dates in 
the future, and (2) the need for increased plant capacities 
to meet anticipated waste loadings. 
In the past, water management research has pro-
ceeded along two relatively independent lines, the one 
dealing with the development and operation of water 
supply systems and the other with wastewater disposal 
and water quality. This has resulted in a conceptual 
dualism. In exploring water supply and wastewater man-
agement alternatives, however, the concept of wastewater 
reuse has emerged, thus linking the water supply and 
wastewater systems. Where treatment technology has been 
the primary focus in wastewater management, water reuse 
has now become an important consideration in water 
quality planning and in extending the utility of water 
supplies. 
The concept of reuse, however, should be broad-
ened to consider a totally integrated urban and agricul-
tural system. This necessitates a systems analysis where 
water reuse, together with all other water dispositions, is 
considered in the context of its contribution to the total 
water resources pool of a region. With increasing demands 
on limited water supplies in a region, planning should 
address the questions of when and in what context should 
wastewater be upgraded for reuse as additional sources of 
supply. 
In meeting these problems of region-wide compre-
hensive water management, numerous alternatives for the 
phasing of water and sewage treatment plants to increase 
capacity as well as those to upgrade effluent quality must 
be analyzed and integrated into a regional strategy which 
provides adequate water supply and wastewater discharge 
quality at a minim un total cost. The scope and complex-
ity of regional wastewater management problems as well 
as the very large number of alternative project combina-
tions calls for the application of system optimization 
procedures. 
The purpose of the research, then, is to delineate 
the manner in which all system permutations can be 
explored and how the alternatives can be analyzed. 
Specifically, the objectives are: 
1. To formulate a conceptual framework for 
analyzing water reuse alternatives. 
2. To develop a model for analyzing alternatives 
of sequential and recycle water reuse, which 
delineates optimal allocations within the 
framework of water supply and water quality 
requirements at minimum cost. 
3. To operate the model and demonstrate how it 
can be applied to a specific metropolitan area. 
Description of Problem 
To aid in describing the problem and in conceptual-
izing a system model for water supply alternatives, water 
supplies are classified into three categories: Primary 
supply, secondary supply, and supplementary supply. 
Primary supply 
The primary or base supply is defined as the water 
yielded annually to streams, surface water, and ground-
water reservoirs, which can be developed for beneficial 
use. As long as the primary water supply is in large excess 
of the aggregate diversion requirements, then these sup-
plies are generally developed as the cheapest and best 
sources of water. This is the usual first stage of develop-
ment, and water planning and management focuses on 
providing storage and distribution systems in order to 
regulate the water in time and space to satisfy the 
requirements of each demand sector. When the primary 
supply is no longer sufficient to meet the diversion 
requirements of all users, then there may be either a 
reallocation of water to higher valued uses or the 
development ·of secondary and/or supplementary sources 
of supply. 
Secondary supply 
A secondary water supply is created by reuse of the 
primary supply. Theoretically, the secondary supply 
available to an area is limited only by the amount of water 
consumptively used. The primary supply, then, can be 
expanded by capturing municipal and industrial waste-
water and irrigation return flow and reusing it directly if 
the effluent is of acceptable quality or if treatment can be 
applied to achieve an acceptable quality for reuse. There is 
also the possibility for indirect reuse through various 
techniques for artificial recharge of groundwater basins 
(Tchobanoglous and Eliassen, 1969). In the development 
of reclaimed water as a source of supply, two types of 
reuse (Hendricks and Bagley, 1969) are possible: 
1. Recycle reuse is the reuse of effluent water by 
the water using sector itself. 
2. Sequential reuse is the reuse of effluent water 
from one sector by another. 
Generally, planning and management of secondary 
supplies have focused on improving treatment technology 
for reuse of water by specific industries. However, in 
approaching planning and allocation of water supply for a 
region it is desirable to consider water reuse of all effluent 
sources on an integrated systems basis. 
Supplementary supply 
The supplementary water supply consists of any 
external sources of water such as imported water or 
desalinized sea water. Development of supplementary 
supplies increases the total quantity of water available for 
use and reuse within the system. While there are political 
and social problems to be solved in developing supple-
mentary supplies, nevertheless, these must be considered 
in competition with secondary sources and reallocation of 
primary supply In a comprehensive assessment of alterna· 
tives in meeting water supply requirements. 
These categories can be roughly used to characterize 
the problems of water supply development. Initially there 
is an abundance of water available for use, and water 
supply alternatives are typIcally good projects with 
prospects of high return. As the primary supply becomes 
fully appropriated, increased demand must be met by 
some kind of redistribution of water, or by the develop-
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ment of secondary or supplementary supplies. Normally, 
the source of supply which can be developed for the least 
cost will be the next to be added to the supply. However, 
when the system becomes extremely complex, having 
many users with varying quantity and quality require-
ments, an optimal system allocation is difficult to achieve 
without tools for careful planning and analysis. 
These classifications are used to identify the com-
ponents of the water resource system, as shown in the 
matrix of Figure 1-1, including both sources of supply and 
demand requiremen ts. The water supply sources are 
indicated by row headings, and each origin of water is 
designated as: (I) Primary or base supply. (2) secondary 
or effluent supply, or (3) supplementary or imported 
supply. Each row represents a different possible origin of 
supply. The system of water users is indicated by the 
column headings in Figure 1-1. They are grouped into the 
broad sectors of municipal, industrial, agriculture demand, 
and other uses. 
Figure 1-1 illustrates that water from several origins 
or categories of supply can be allocated to satisfy the 
demand of various water using sectors or destinations. 
Note that the nonconsumed effluent from each demand 
sector is available for reuse in the system. For example, 
the agricultural sector is both a destination of supplies 
from various sources, and the origin of irrigation return 
flow which can be reused in supplying another sector. 
Hence, destinations of use (columns) are also origins of 
secondary supply (rows). Effluent from any demand 
sector can be allocated to another sector for sequential 
reuse, or to the same sector for recycle reuse. 
The matrix depicts all possible combinations by 
which the total available supply may satisfy the aggregate 
system demand, including direct allocation, reuse, or 
importation. This is in contrast to conventional concepts 
in the development of water supply alternatives, which 
tend to focus on a particular row in the matrix, such as, 
constructing a storage reservoir for surface water, or 
perhaps individual matrix elements such as improving 
treatment technology to provide water for reuse by 
specific sectors in the system This system treatment 
greatly broadens the definition of water reuse and thereby 
expands the efficacy of the water reuse concept. 
Overview of Modeling Approach 
The basic framework for the analysis is the trans-
portation or transshipment problem from linear program-
ming as applied by Bishop and Hendricks (1971) and 
Bishop, Hendricks, and Milligan '( 1971) to evaluate 
water reuse potential within the framework of the water 
supply availabilities and water demands of the region as 
well as wastewater management considerations. Referring 
to the matrix format in Figure 1-2, the transshipment 
problem is to determine shipment routes of a product, 
available in the amounts al' a2' ... , am from each of m 
~ Recreation Destinations Municipal Industrial Agricultural Wildlife System Category Supply Hydropower; Outflow Availabilities' Origins 
Surface Water annual 
. Primary { initial allocation } outflow 
Supply Groundwater of primary supply - annual 
recharge 
municipal 
Municipal recycle sequential sequential sequential discharge waste system 
Effluent reuse reuse reuse reuse water outflow 
Secondary Industrial sequential recycle sequential sequential dischargt; industrial 
Supply Waste reuse reuse reuse reuse water wastewa ters 
Agricultural sequential sequential recycle sequential discharge irrigation 
Return Flow reuse reuse reuse reuse water return flows 
annual 
Supplementary Imported Water { allocation of J im£ortation 
Supply Desalination supplementary supply annual 
of Sea Water desalination 
I 
municipal industrial agricultural miscellaneous 
Use Sector diversion diversion diversion diversion downstream Totals 
Requirements requirement requirement requirement requirement outflow 
.Figure 1-1. Allocation alternatives for the water resource system. 
Destinations 
~ (1) (2) G) (n) 
(1) x11 x12 x Ij x In 
:~ 
I-< 
o 
(i) Xu xi2 X ij X· ill 
(m) xml x m2 Xmj xmn 
b 1 b2 bj bn 
Figure 1-2. The transportation problem tableau. 
al 
aj 
am 
3 
shipping origins to satisfy amounts required, b1 , b2 , ... , 
bn, by each of n shipping destinations so as to minimize 
shipping cost. In the problem structure of Figure 1-2, the 
term Xij represents the amount shipped from the ith origin 
to the Jth destination. Associated with each Xij is the cost 
Cij of shipping a unit amount from the ith origin to the jth 
destination. " 
The mathematical statement of the problem is to 
find values for the variables Xij' the amounts to be shipped 
over all routes, which minimizes the total cost, TC: 
Min TC :;l .f ~ C
1
•j X iJ" ........ (1) 1=1 J=l 
subject to the constraints: 
n 
I: x .. ":5 a. j= 1 lJ 1 
n 
i 1., 2, :,0.' m .... (2) 
\ 
1: x.. = b. j == I, Z, ....... " 1l 
i= 1 IJ J 
.... (3) 
and x .. ~ 0 
IJ 
Constramt Equation 2 is the amount ai available 
from each origin, and Equation 3, the amount bj required 
at each destination 
With each cij constant, the objective function. 
represented by Equation 1. subject to the constraints 
Equations 2 and 3, can be formulated as a linear 
programming problem with m + n equations in m-n 
variables. The problem has an optimal feasible solution 
which can be obtained through linear programming using 
the algorithm for the "transportation pwblem," or by the 
simplex algorithm. 
The format of the transportation problem is well 
adapted to the problem of water resource planning. Water 
from several origins or categories of supply must be 
transported to various destinations or sectors of use at 
minimum cost. Since the effluent from a sector which is 
not consumptively used can be made available for reuse in 
the system, sectors of use (columns) also become origins 
of secondary supply (rows). Thus a waste treatment plant 
may be the destination of municipal effluent. while at the 
same time it becomes an origin for treated wastewater 
available for reuse. The effluent from any sector can be 
allocated for use by another sector for sequential reuse, or 
it can be reallocated to the same sector by a recycle reuse 
of the water. From the foregoing discussion, the matrix of 
Figure 1-1, illustrating the concepts of water reuse, fits 
closely the format of the transportation problem. Refer· 
ring to the tableau of Figure 1-2, the ai values are the 
water supply availabilities from primary and secondary 
sources, and the bj values are the diversion requirements 
for the use sectors. The system continuity is maintained 
by the outflow requirement. Treatment plant options are 
entered in the matrix as transshipment nodes with each 
plant denoted by both a row and a column. 
The costs mcurred in allocating water from any 
origin to any destination depend on the water quality of 
the source, the quality requirement at the destination, and 
the facilities required to treat, transport. and deliver the 
water. In adapting the transportation problem format to 
water supply planning, the cost of "shipping" a unit of 
water from the I th origm to the jth destination includes 
two components 
1. Treatment cost. The cost of treating a unit of 
water from a given source to bring it to the 
quality required for a specified use. 
2. Transportation cost The cost of pumping. 
storage. and transmission facilities needed for 
delivering water from a given source to a gIven 
use sector. 
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The sum of these two components represents the 
cost. Cij for each combination of origin and destination. 
The cost function guarantees that quality requirements 
are fulfilled. 
Assumptions and Model Solutions 
The problem thus formulated provides a description 
of a water resources system and the possible allocation of 
water to meet water demands and water quality con-
straints based on the following assumptions: 
1. Constant linear costs. 
To structure the model in terms of a linear 
programming problem, the costs cij have to be constants. 
These values are obtained by averaging the nonlinear cost 
functions over the relevant range. These are discussed in 
detail in Chapter 4. The assumption of constant costs 
permits writing the objective function as a linear expres-
sion, amenable to applying linear programming technique. 
The disadvantage of this assumption is that the model 
does not reflect economics of scale and costs involved 
with peak activities. 
2. Inelastic demand for water. 
This implies that quantity of water demanded is 
constant at a given point in time, and does not vary with 
change~ in pnces. Hereafter, the demand for water would 
be replaced by the word 'requirements.' 
3. Average annual flows. 
The water availabilities and requirements are cal-
culated in terms of yearly averages. This assumption is a 
limitation in water resources planning in response to 
seasonal fluctuations. Consequently, the results would 
tend to depict a low capital investment which do not 
reflect larger plant capacities needed because of peak. 
loading pro blems. 
With this problem structure, optimal (least cost) 
solu tions are generated which contain the following 
information: (1) Allocation from primary water supply 
sources to satisfy user demands (requirements), (2) 
operating levels for water treatment plants for municipal 
supplies. (3) capacity levels for use of wastewater treat-
ment plants. (4) capacity timing of facilities with respect 
to water reqUirements associated with projections for 
specific years, and (~) specific r~se made ot ettluent 
supplies. 
CHAPTER 2 
DEVELOPMENT OF MODEL FOR CASE STUDY AREAS 
In order to fully develop and test the theoretical 
formulation of the model presented in Chapter 1, an area 
of study was selected for which an operational model 
could be developed and evaluated. The study area selected 
is the Lower Jordan River Basin (encompassing primarily 
Salt Lake County), Utah. This area is a particularly 
appropriate case example since it exhibits a full range of 
demands for water for both urban and agricultural uses, as 
well as attendant water quality problems. Moreover, being 
in the arid west, it is an area of potential water shortage in 
which water reuse could become an important source of 
additional supply. 
Description of Area 
The area of study encompasses Salt Lake County 
which is located in the north central region of Utah as 
shown in Figure 2-1. The county, except for the northern 
end, is essentially a closed system being almost totally 
encompassed by mountains (see Figure 2-2). On the east 
are the Wasatch Mountains; on the west is the Oquirrh 
Range, and on the south are the Traverse Mountains 
through which the Jordan River flows. The valley floor is 
at an elevation of 4,200 ft. and the surrounding mountain 
peaks reach elevations of over 10,000 ft. The total area of 
the county is approximately 780 square miles. Approxi-
mately 500 square miles of the county make up the valley 
floor and the remainder is rugged mountain terrain. 
There is a large spatial variability in precipitation as 
a result of the rugged mountainous topography. Normal 
annual precipitation varies from 12 inches per year in the 
valley to about 40 inches per year at higher elevations. 
Isolated areas in the Wasatch Mountains receive as much 
as 60 inches per year. Most of the precipitation in the 
study area occurs between December and April as snow. 
The population center of the area is Salt Lake City. 
According to the 1970 census Salt Lake has a population 
of approximately 176,000 people. The county itself has a 
population of nearly 459,000 and is expected to increase 
to almost 800,000 by 1985. Figure 2-3 shows how this 
population is distributed. The total of the communities 
specified in the figure is approximately 340,000. This 
means there are roughly 120,000 people generally spread 
throughout the county that are not in major population 
centers. 
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One feature of Salt Lake County which makes it a 
good study area for analyzing water reuse potential is its 
diversity of land use. At the present time approx'imately 
74 percent of the total area is made up of forests, 
mountains, marshes, and other land unsuitable for de-
velopment. Of the developed land, approximately 54 
percent is used for agriculture, 22 percent is residential, 
13 percent commercial and industrial, and the remainder 
is used for parks, transportation, and institutional pur-
poses. A substantial amount of land has been classified as 
simply vacant land and is not under cultivation or 
residential use. By the turn of the century, it is antici-
pated that major changes will occur in the agricultural and 
residential distributions with agriculture decreasing by 
almost 30 percent and residential increasing by about 60 
percent. 
Associated with these land uses are a variety of 
economic activities. Salt Lake County is a main industrial 
center with a number of important concerns. The largest 
of these is Kennecott Copper Corporation. Their opera-
tion is located on the west side of the county in the 
Oquirrh Mountains. Other industries of consequence 
include several sand and gravel operations, power com-
panies, refinery operations, dairy concerns, several 
slaughter houses, a smelter operation plus a large number 
of typical small industries. Agriculture is another prom-
inent activity taking place within the county. A variety of 
crops are grown including wheat, vegetables, and fruits. 
Most of the activity occurs in the southern and south-
western portion of the county. 
The major water resources of the valley include 
Great Salt Lake, the Jordan River, a number of tributaries 
flowing into the Jordan, plus approximately 11,000 wells 
some of which are presently capped. 
The Jordan River flows from Utah Lake, through 
the Jordan Narrows and Salt Lake City, and discharges 
into the marshy areas at the southeastern end of the Great 
Salt Lake. The mean annual stream flow at the Jordan 
Narrows is 206,000 acr~-feet. A number of irrigation 
canals remove river wate'r at the Jordan Narrows and 
transport it to agricultural areas in the western and 
southeastern portions of the county. 
Clear mountain creeks on the Wasatch Range 
provide the major source of drinking water w~th a 
Figure 2-1. Jordan River hydrologic basin study area. 
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Figure 2-2. The Lower Jordan River Basin. 
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Figure 2-3. Population distribution of Salt Lake County. 
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combined mean annual stream flow of 151,700 acre-feet. 
The water is given the standard coagulation-filtration-
chlorination treatment at four water treatment plants and 
is delivered to a distribution network which supplies the 
metropolitan areas. The Salt Lake aqueduct can transport 
up to about 14,500 acre-feet per year from the Provo 
River Basin to augment the intake for the Little Cotton-
wood (metropolitan) water treatment plant located in the 
southeastern portion of the study area. 
The Central Utah Project is designed to divert water 
from the Colorado River and transport it to the populated 
areas in central Utah. When completed, an additional 
70,000 acre-feet per year of treated water will be available 
to the study area. The Kennecott Copper Corporation has 
developed a surface water supply for its industrial 
processes of about 9,500 acre-feet per year in the Oquirrh 
Mountains. 
It is estimated that 60,000,000 acre-feet of ground-
water underlie the Jordan Valley. The annual withdrawal 
from wells for irrigation, livestock watering, domestic 
supply, and industry totaled about 115,400 acre-feet in 
1970. Basically the groundwater migrates away from the 
mountain ranges toward the Jordan River and the Great 
Salt Lake. 
Diversion Requirements 
I I 1 2 ... Mun Ind Ag 
Rows: n 
I Primary Supplies '~l X lj = a l J= 
2 Supplementary Supplies 
Rows: 
. Secondary Supplies n 
Municipal Eff. L; X 3j = a 3 I ndustrial Wastewater i = 1 
Agriculture Return F. 
i Treatment/or Blending 
Rows: n I~ 0 
L; ~ Primary -Secondary x .. ::: 
TerL j = 1 1J a. i 1 
Desalt and L; 
m Blend Input = Output 
x .. j = 1 1J 
Type of Constraint 
= Requirements or /RHS Value 
Figure 2-4. Summary of model structure. 
= 
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Water quality is very high in the mountain streams 
along the Wasatch Range; however, recent land develop-
ment in the canyons has resulted in drastic increases in 
total coliform counts (MPN) and may have degrad~d other 
water quality parameters. The Jordan River receives 
agricultural return flow, municipal storm drain water, and 
the discharge from 12 secondary municipal wastewater 
treatment plants. 
Model structure and data requirements 
Several considerations need to be incorporated into 
the basic transportation model presented in Chapter 1 in 
order to apply it to the problems common in real systems. 
Such problems include operation of existing water distri-
bution and wastewater collection systems, water treat-
ment and sewage treatment plants, and limitations in the 
physical system which render some allocation infeasible. 
These considerations can be incorporated effectively 
within the basic structure of the "transportation model." 
The mathematical modeling components of the 
transportation problem necessary to describe the above 
features are summarized in Figure 2-4. The structure of 
constraint equations and the types of availability and 
requirements are indicated for each of the water supply 
Treatment Capacities Type of Control 
n or Pri~ary I j I .. System RHS Value S d Tertiary Desalt Blend Outflow (A vailabilities) econ . 
Columns: rn 
.L; Xi2 = b 2 
at =Availability 
1 = 1 
::s Availability 
Columns: 
rn 
L; X i3 = b 3 
{A vailability 
i = 1 = (Diversion-CU) 
Consum ptive Usc 
Columns: rn 
i= 
0 ::: 0 (No Plant Capacity 
. L; 1 x .. b. 1= 1J Specified) J rn 
. L; 1 X .. 1 = 1J ::: Plant Capacity 
-n 
~ 0 (No Plant Capacity) . L; a.- Total Supply 1 = 1 1 n (or) Demand 
::: P~an t Capacity 
. L; l'b. 
J = J 
categories and use sectors. The conditions for system 
balance and treatment plants are also specified. 
Water availabilities and demand requirements 
The allocation of primary and supplementary sup-
plies is subject to the set of constraints denoted by the 
following eqliation, 
n 
~ x.. :S a. i = 1, 2, ... , m .... (2-1) j= 1 1J 1 
while the water requirements must satisfy the constraints, 
m 
~ x.. = b. j = 1, 2, ... , n 
i= 1 1J J 
. . . . (2-2) 
The sum of xi"' Equation 2-1, over a row, i.e., over j, 
equals the total amount ai' available from each supply 
source. The column sum, Equation 2-2, equals the amount 
bj, required by each use sector. 
Secondary or effluent supplies are handled the same 
way. The availability entered as the right-hand-side (RHS) 
value in the matrix is determined from hydrologic analysis 
of the system and is basically equivalent to determining 
the diversions to the sector less consumptive use in the 
sector, or by measuring actual effluent flows. 
Wastewater treatment operations 
Water and wastewater treatment operations in the 
system include such facilities as primary and secondary 
treatment plants, tertiary treatment plants, and desalting 
plants. The transportation matrix tableau is augmented by 
adding a column vector denoting the treatment facility as 
a destination, and a row vector which indicates that the 
facility is also an origin of treated water. 
Where vectors represent treatment plants of certain 
capacities that are either existing or proposed, the 
right-hand-side values, as constraints on the operation of 
the facility, are entered as less than or equal to the plant 
capacity. For cases in which optimal plant capacity and 
phasing-in of operations is to be determined, the right-
hand-side values are entered as greater than or equal to 
zero. The system balance is maintained by stipulating that 
the inflow to the plant as a destination must equal the 
outflow from the treatment plant as an origin. For 
example in the problem structure shown in Figure 24, if 
the plant capacity is represented by column j and the 
plant production by row i, the following relationships are 
included in the augmented transportation problem: 
n 
"{ 2: 0 ~ x .. :S a. j= 1 1J 1 . . . . . . . . . . (2-3) 
--- _. __ .--
m {: 0 :E x .. b. i= 1 1J J . . . . . . (2-4) 
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n 
~ x .. j= 1 1J 
m 
~ x .. 
i= 1 1J 
. . . . . . . . . (2-5) 
and always, l: ai = ~bj' as Equation 2-5 implies. 
The transportation problem, augmented by this set 
of constraints, allows treatment operations to be used at 
the level required for cost minimization, while Equation 
2-5 maintains the system balance and introduces the basic 
character of the transshipment problem. This flexible 
approach can provide insight into optimum design capa-
cities of proposed treatment facilities for a system, or into 
the best levels of operation of existing facilities. 
Infeasible allocations 
In some cases limitations in the physical system may 
make it impossible to allocate water between some origins 
and destinations. Such limitations might include:(1) The 
physical impediment of transferring water from a particu-
lar source to a particular user, (2) social or political 
constraints preventing use of water directly from a source 
to a user, for example, the use of untreated municipal 
effluent for irrigation, and (3) reasonable engineering 
judgments, for example, recognizing already pure water 
from a groundwater source does not need wastewater 
treatment or desalting before use. 
These limitations are recognized in the structure of 
the problem matrix by assigning an unrealistically high 
cost to the element representing such an allocation. The 
high cost associated with that particular combination will 
prevent any allocation from taking place. 
System outflow 
System outflow depends on the amount of con-
sumptive use and losses in the system. It can be treated in 
the same manner as a class of transportation problems 
where the requirements are less than availabilities. This 
condition will obtain for the water resources system so 
long as the primary or base supply is not all consump-
tively used. In order to balance the availabilities and 
requirements, an additional destination, requiring r, ai - 2: 
bj > 0 is specified, with zero allocation costs to this 
destination. However, in the case of water reuse, this 
destination is identified as system outflow, and effluent 
quality constraints can be imposed by assigning a set of 
costs to the system outflow vector. Water from other 
origins, already of sufficient quality, can be released to 
system outflow at no cost. 
The study of an actual river basin area, the Lower 
Jordan River in Utah, is undertaken in order: (1) To 
determine how to adapt and apply the conceptual model 
to an actual water resource system, and (2) to investigate 
the utility and range of applications of the model in 
analyzing water reuse alternatives in a water resources 
system. 
In order to achieve sufficient spatial resolution in 
the model to make it a useful planning tool, the study 
area was divided into seven subregions as indicated in 
Figure 2-5. These subregions were chosen to correspond 
with those being used for current Water Quality Manage-
ment Plan being prepared for the Utah State Division of 
Health under the provisions of Subsection 1 02( c) of the 
Federal Water Pollution Control Act, as amended. The 
subregions were formulated so as to constitute as coherent 
a unit as possible considering watershed subbasins, present 
water supply distribution and wastewater collection 
systems, as well as political boundaries including water 
and sanitary districts. The Jordan River bisects the area 
flowing north into the Great Salt Lake. 
The tableau of Figure 2-6 shows the formulation of 
the water supply-use system for the Lower Jordan River 
Basin study area. The first three rows designate primary 
water supply sources for the study area. The next four 
SU B - REGIONAL 
DIVISIONS OFi H2 
SALT LAKE COUNTY~ 
PLANNING AREA 
rows and correspondingly the first four columns-labeled 
WfP-designate water supply treatment plants for munici-
pal water systems. The next sections in the matrix, 
illustrated by H2 as an example, represent the regional 
supplies, effluent supplies, requirements, and wastewater 
treatment plants. The last two columns in the matrix 
proper-WF and OTFL are the system requirements for 
the wildlife refuge (WF) and the outflow (OTFL) to Great 
Salt Lake. 
Three types of data are needed as noted previously 
in the discussion of model structure. The right hand 
column contains the water supply or effluent flow 
availabilities corresponding to each supply origin, and the 
bottom row contains the diversion requirements for each 
use sector or destination. The entries needed for the 
matrix itself are the total costs to "ship" a unit of water 
from an origin to the destination specified in a column 
heading. The derivation of these costs is described in 
detail in Chapter 4. The costs are annual per unit costs in 
dollars per acre-foot of water delivered, and include 
capital, operation, and maintenance costs for water 
treatment, transportation, and distribution. 
GREAT 
SALT 
LAKE 
Figure 2-5. Subregion delineation for the Salt Lake County case study area. 
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CHAPTER 3 
WATER SUPPLY AVAILABILITIES AND WATER 
REQUIREMENTS FOR THE MODEL 
Description of the Water Resources System 
Water quantity 
Water for various beneficial uses in the study area 
comes from a number of sources including wells, creeks 
and related storage reservoirs, the Jordan River, the 
Jordan Aqueduct, and a number of canals distributing 
water from Utah Lake to the Salt Lake County. Also the 
contribution of municipal and industrial effluents as 
sources of supply are considered. 
Wells. Figure 3-1 shows the historical flow associa-
ted with wells between the years 1955 and 1972. As would 
be expected, there was normal increase in usage with 
increasing population until 1966, when well pumpage 
increased significantly. This large increase occurred be-
cause of a particularly dry year, after which normal flow 
resumed and has continued increasing at approximately 
the same rate. 
Wasatch Front streams. There are several creeks 
flowing down the neighboring canyons of the Wasatch 
Range above Salt Lake County that contribute to the total 
water resource of the study area. These include City Creek, 
Mill Creek, Big and Little Cottonwood Creeks, Emigration 
Creek, Parleys Creek, and Red Butte Creek. Table 3-1 shows 
the recorded flows for these creeks for the water years 
1964-1968. Big and Little Cottonwood Creeks are by far 
the most important, where over the period 1964-1968, 
the two flows combined to account for nearly 81 percent 
of the total flow. The decrease in flow in the water year 
1965-1966 is consistent with the data mentioned above 
concerning wells when additional pumpage was required. 
Jordan River. The largest single source of water is 
the Jordan River running through the heart of Salt Lake 
Connty. Figure 3-1 shows the flow from 1960-70. Note 
the comparison of the flow of the Jordan River to the 
combined well flow as a single source and with the 
combined creek flow as a single source. Figure 3-1 
indicates clearly the importance of the Jordan River in 
terms of flow magnitude. Even when other sources are 
lumped as categories the Jordan River flow is still larger 
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than the other sources. Measurements were taken at the 
Jordan Narrows before water was diverted by county 
users in general. Note in 1966 the increased flow to 
compensate for the dry year. (The flow can be controlled 
at the Jordan Narrows.) This corresponds with the data 
pertinent to the discussion on wells. The overall increasing 
trend is consistent with increasing population. 
Imported supplies. Another important source of 
water is that which is imported to the county by canal or 
aqueduct. Table 3-2 lists the flow from the four imported 
sources. Note that the totals for these canals are less than 
the Jordan River flow again pointing out the importance 
of the Jordan River. The Salt Lake City Aqueduct and the 
Tooele County Canal followed the 1965-1966 dry year 
pattern as did the wells and the Jordan River. The other 
two canals did not. It would seem, then, that the first two 
sources are used more for peak requirements while the 
other two are used to meet a steady or relatively constant 
types of uses. 
Effluent sources. Municipal and industrial effluents 
are more and more being considered as sources of water. 
The idea of water recycle becomes more of a necessity as 
the need for water increases. These two sources represent 
rather sizable additions to the total resource. In 1971, the 
municipal discharge was approximately 70 mgd and the 
industrial discharge was nearly 100,000 acre-feet. These 
flows are similar in magnitude to the Jordan River, and, 
therefore, are extremely important in the total picture. 
Water storage and regulation. Storage reservoirs of 
course do not represent a source, but they do represent a 
regulator for the system. In Salt l..ake City, there are 
about a dozen small storage reservoirs of from 100-1000 
AF. Mountain Dell Reservoir, the largest, has a capacity of 
approximately 3085 AF. 
Water quality 
Surface water. Salt Lake County is like most urban 
areas, in that as population density increases, the surface 
water quality significantly decreases. The parameters 
which are generally measured to indicate water quality 
are: Biochemical oxygen demand (BOD), coliform bac-
teria (MPN) , total dissolved solids (TDS), measurable oil 
and grease, nitrogen, phosphorus, temperature, and dis-
solved oxygen (DO). Although there are other water 
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Figure 3-1. Average annual flows of Lower Jordan water sources. 
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characteristics of importance (such as heavy metal toxic-
ity, color, turbidity, etc.), the ones mentioned provide a 
good indication of the water's suitability for various 
beneficial uses. 
The major source of drinking water for the Salt 
Lake County area comes from the mountain creeks along 
the' Wasatch Front. At points of diversion for the 
domestic water supply in the upper reaches of these 
streams, the water quality is still very good. The water 
quality does decrease significantly, however, in the lower 
reaches where the streams run through populated areas. 
Rapid population influx and recreational use in the upper 
Table 3-1. Creek flows by water year. 
Creek 64-65 
Little Cottonwood 54,930 
Big Cottonwood 63,280 
Mill 6,900 
Parleys 19,910 
Em.igra tion 3,740 
Red Butte 3,630 
City 6, 120 
TOTAL 158,510 
Table 3-2. Sources of imported water to Salt Lake County. 
areas of these small watersheds is having a detrimental 
impact on water quality. For example, coliform MPN 
monthly maximums in the Big Cottonwood watershed 
increased from less than 30 in 1930 to over 2400 in 1959. 
Values of co lifo rms have remained at this order of 
magnitude, and with the recent installation of a sewer 
system in the area it is hoped that the coliform density 
will not increase in proportion to population encroach-
ment. The construction of roads, streets, houses, and 
parking lots increases the surface runoff to these creeks 
and decreases the water quality. It is anticipated that a 
general decrease in water quality can be expected in the 
future. 
65-66 66-67 67-68 
37,540 50,510 51,430 
42,830 55,550 53,300 
5,660 5,850 5,920 
5,280 5,910 7,430 
941 1,760 2,330 
1,750 1,710 2,530 
2,220 4,280 4,160 
96,221 125,570 127,100 
Flow (A-F) 
Source 1964-65 1965-66 1966-67 1967-68 
Salt Lake City Aqueduct 7,780 21, 630 13,900 9,470 
Provo Res ervoir Canal 35,870 26,280 29,240 33,010 
Utah Lake Distributing 
Co. Canal 24,040 29,060 26,990 26,980 
Pipeline from. Tooele 
County for Kennecott 
Copper Corp. 4,200 10,400 8,780 6,810 
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The headwaters of the Jordan River originate in 
Utah Lake, which is a shallow eutrophic lake approxi-
mately 25 miles long, 11 miles wide, and has a mean 
depth of about 8 feet. The lake is a typical carbonate lake 
with a high nutrient level. The bottom consists mainly of 
mud and organic silt. The mean total dissolved solids in 
the Jordan River exceed 1000 mg/l for the entire length, 
and may reach maximum concentrations of about 1400 
mg/l at certain points in the river at some times of the 
year. The high TDS concentrations are due to the high 
levels in Utah Lake (approximately 900 mg/I) and to 
agricultural return flow entering the river. The mean 
biological oxygen demand (BOD) in the Jordan River is in 
excess of 5 mg/l for the entire length, and values up to 12 
mg/l have been measured. During the summertime, dis-
solved oxygen is about 4-6 g/1. The major source of BOD 
is municipal wastewater. Seven major wastewater treat-
ment facilities discharge directly into the Jordan River. 
The average total flow from these sewage treatment plants 
is approximately 35 mgd and reaches peak flows of 
approximately 42.9 mgd. Total combined capacity of the 
plants is 45 mgd. Three of the plants are overloaded by as 
much as 50 percent during peak flows. All of the plants 
are trickling filters except one small activated sludge plant 
(1.5 mgd). Effluent quality from the plants is typical of 
trickling filters with BOD ranging from 20-30 mg/l, 
suspended solids ranging from 10-33 mg/l, and total 
dissolved solids ranging from about 800-1200 mg/I. 
The total coliform count (MPN) in the Jordan River 
is very high, ranging from about 7,00043,000. These 
values, of course, vary considerably depending on the time 
of year and the location in the river. The major source of 
coliforms is municipal waste discharges. 
Nutrient levels are very high in the Jordan River. 
resulting primarily from municipal waste discharges and 
agricultural return flows. Nitrates range from about 2-10 
mg/l, and phosphorus is in excess of .5 mg/I. 
Groundwater. The general flow of groundwater in 
the basin is northwesterly from the Wasatch Mountains 
toward the Jordan River and the Great Salt Lake and 
northeasterly from the Oquirrh Mountains toward the 
Jordan River and the Great Salt Lake. The chemical 
quality of the groundwater in the principal aquifer 
depends chietly on the chemical quality of the recharge, 
the chemical composition and physical properties of the 
sediments through which it passes, and the duration of 
contact with such deposits. Water in the principal aquifer 
in the east-central part of the valley has a relatively low 
dissolved solids content because water from the major 
sources of re·charge has a low dissolved solids content and 
the water moves relatively rapidly through coarse sedi-
ments near the mountain front. Total dissolved solids in 
these areas range from less than 100 to about 500 mg/I. 
The chemical quality of groundwater in the principal 
aquifer in the southwestern part of the valley generally is 
poorer than that in the eastern part. The principal reasons 
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for this are: Poor quality of recharge water from the 
streams discharging from these mountains, recharge result-
ing from irrigation and water of poor quality from the 
Jordan River, and contamination from mining operations. 
Total dissolved soilds in this area range from approxi-
mately 500-1500 mg/1. Heavy pumping from wells in the 
northwestern section of the basin has caused the potentio-
metric surface to become nearly flat near the Great Salt 
Lake. The total dissolved solids content of water from this 
well field ranges from 3,000-13,000 mg/1. This water is 
used primarily for industrial purposes. 
Water quality standards 
The] 972 Amendments to the Federal Water Pollu-
tion Control Act (PL 92-500) replaced the language of the 
existing Act entirely, including the Water Quality Act of 
1965, the Clean Water Restoration Act of 1966, and the 
Water Quality Improvement Act of 1970, all of which had 
been amendments of the Federal Water Pollution Control 
Act first passed in 1956. The 1972 Act establishes as a 
national goal that the discharge of pollutants into the 
navigable waters of the United States be eliminated by 
1985. 
The basis for the provisions of the Act is that 
maintenance of water quality can be achieved principally 
by effluent limitation. The act stipulates that effluent 
limitations for point sources other than publicly owned 
treatment works shall require the application of the best 
practicable control technology not later than July 1, 
1977, and the best available technology by July 1,1983. 
Effluent limitations for publicly owned treatment works 
must be based on secondary treatment by July 1, 1977, 
and shall require the application of the best practicable 
technology by July I, 1983. More stringent effluent 
limitations can be required if necessary to maintain 
satisfactory water quality. 
The Utah State Water Pollution Committee and the 
Utah State Board of Health are empowered by the state 
legislature to establish water quality criteria and enforce 
water quality standards in the State of Utah. These bodies 
have defined 11 classes or levels of stream water quality 
and have assigned classifications to all surface waters of 
the state. The assigned classifications are based on the 
cumulative effects of pollutants at the lowest point of the 
stream or drainage. In addition the state has adopted an 
antidegradation policy that requires that waters whose 
existing quality is better than that prescribed for its 
assigned classification be maintained at that high quality 
unless it has been affirmatively demonstrated to the state 
that a change is justifiable as a result of necessary 
economic or social development and that it will not 
preclude present and anticipated use of the waters. A 
further provision is that wastes discharged to upstream 
waters under limitations imposed by a given classification 
shall be further controlled as required to protect water 
quality designated by all downstream classifications. 
In June, 1972, the Utah State Water Pollution 
Committee and the Utah State Board of Health issued an 
order classifying all intrastate surface waters in the state as 
Class "C." Class "C" waters are defined as waters that 
shall be protected against controllable pollution, including 
heat, so as to be suitable at all times for domestic water 
supplies after conventional domestic water treatment, i.e., 
coagulation, sedimentation, filtration, and disinfection. 
Class "C" waters shall be suitable without treatment for 
aesthetics, irrigation, stock watering, propagation and 
perpetuation of fish, other aquatic life, and wildlife, 
recreation (except swimming), and as a source for 
industrial supplies. Class "C" requirements are sum-
marized in Column 1 of Table 3-3. 
Included in the order was a schedule for compliance 
with the new water quality standards. All discharges must 
be altered, as necessary, to meet the standards by 
December 31, 1978. As an interim measure all dischargers 
must provide effective secondary treatment or the equiv-
alent by December 31, 1974. 
Water quality considerations for the model 
Table 3-3 shows the maximum recommended con-
centration of water quality constituents for various 
beneficial uses (at the point of diversion). These values 
were taken from various sources of literature and repre-
sent only approximate limits and persistent concentra-
tions. In a real stream, it is expected that the 
concentrations of the various constituents will vary 
significantly with time, point on the stream, and possibly 
season of the year. Higher concentrations might be 
acceptable if they were discharged for only a short period 
of time. On the other hand, extremely high concentra-
tions of some constituents occurring for only a brief 
period might still have a detrimental effect on the stream 
even though the average concentration over a long period 
is small. Because of the complexity of aquatic systems, 
the impact of exceeding the limits established in Table 3-3 
would have to be considered on a case-by-case basis. 
Table 3-4 shows the occurrence of high constituent 
concentrations in wastewaters. Because of the wide 
variability in concentrations associated with these dis-
charges, the table indicates relative intensities rather than 
mean concentrations. Table 3-5 shows the treatment 
capability for various types of wastewater treatment. 
Information from Tables 3-3, 3-4, and 3-5 was used 
as the basis for determining treatment costs necessary to 
upgrade water from one particular discharge point in 
order to be usable as a source for one of the particular 
beneficial uses shown. 
The water quality in the mountain streams on the 
Wasatch Front, which provides the major source of 
domestic water supply, are much better than required by 
the standards. It is hoped that the antidegradation policy 
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will maintain these streams at a high water quality 
characteristic. A great deal of sewage treatment plant 
upgrading and urban runoff treatment would be necessary 
to bring the Jordan River water quality into conformance 
with the state Class "C" standards. 
Water resource allocation is basically a process in 
which water sources are matched with various beneficial 
uses. When a sufficient amount of high quality water 
exists, there is no problem in providing suitable water for 
each beneficial use. However, as demands grow it may 
become necessary to utilize the water for more than one 
beneficial use before it passes from the system. When 
water is recycled (i.e., the discharge from one beneficial 
use is used as the supply for another beneficial use), three 
things must be considered: Adequacy, economic feasi-
bility, and desirability. 
Adequacy of the water can be defined as its 
chemical or biological suitability for the intended use. In 
this study, adequacy is defined by the limits established in 
Table 3-3. Economical analysis is an attempt to provide 
adequate water supplies for each beneficial use in a system 
at the lowest possible overall cost. This means that water 
within the system will be allocated in such a way that the 
water treatment and transportation costs will be mini-
mized; therefore, an economic analysis of a system might 
result in reallocation of water as well as in recycling of 
water. For example, when sufficient high water is avail-
able it might be used for both domestic supply and 
agricultural irrigation. However, as the area grows, domes-
tic requirements might increase to the extent where there 
is insufficient high quality water to satisfy both beneficial 
uses. It would then probably be more economical to 
reallocate the entire high quality water to domestic supply 
and use the municipal effluent, with a certain degree of 
treatment, for agricultural irrigation rather than to con-
tinue to use the high quality water for irrigation and have 
to recycle agricultural runoff back to a water treatment 
plant to be used as domestic supply. This example also 
introduces the subject of "deSirability." 
Even though a particular water source is adequate 
for a beneficial use and is the most economical, it may not 
be the most desirable. Water which just barely meets Class 
"C" standards will not provide as "good" a drinking water 
as that which is currently found in the upper stretches of 
the Wasatch creeks. From the standpoint of desirability, 
water allocation might be thought of as a chain of events 
in which the beneficial use requiring the highest water 
quality is the first event in the chain, and succeeding 
events are beneficial uses requiring lower quality water. 
Probably in most cases the most economical water 
allocation will also be the most desirable since the 
minimum amount of treatment will be required between 
succeeding events. 'However, in some cases transportation 
costs may outweigh treatment costs thereby resulting in 
an "undesirable" solution. Certain water appropriation 
rights might prevent reappropriation of fresh water from 
Table 3-3. Water quality required at intake for various beneficial uses (all units are in mg/l except as noted). 
Class C Livestock IRRIGATION Game RECREATION Cooling Petroleum Mining 
Constituent (Ref. 1 & 2) Watering Continuously Short term Fish Secondary Primary Water lndust~y (Ref. 4) 
(ReI. 1,3) on all soils on fine soils (Ref. 1,3) Contact Contact (Ref. 1) (Ref. 1) 
(Ref. 1,3) (Rei. 1,3) (Ref. 1, 3) (Ref. 1.3) 
ABS 
Alkalinity a. 500 500 240 
AlumiAum 1.0 20.0 3 
AriunoJUa. 0.5 0.5 1.0 
Arsenic 0.05* 0.05 1.0 10.0 1 •. 0 
Barium 1.0* 1.0 5.0 
Beryllium. 0.5 1.0 
BODS b. 5.0 129 
Boron 1.0* 0.75 2.0 . 
Cadmium 0.01* 0.01 0.005 0.05 f. 0.01 up 
Carbon Chloro .. E 0.15* 100 
Chloride 250 * 250 e. 100-350 e. 100-350 500 300 
Chromium 
Chromium. (h~x a val. ) 0.05* 5.0 20.0 f. 0.02 
Cobalt 0.2 10.0 
COD 100 272 
Color (platinum.-cobalt) 75 a.15 f. SO 15-100 15-100 
Copper 1.0* a. 1.0 0.2 5.0 f. 0.02-1.0 
-
Cresols 10 
00 Cyanide 0.01* 0.2 0.02 
DDT 0.42>1: 0.042 0.05 
Dis801ve,d 02 5.5 > S.O 
Fluoride a. _ 1.2 * a. 0.7-1.2 a. 1.2 
Cross beta (pc/I) 1000 
'" 
a. 1000 
Hardness a. 500 * 8S0 350 
Heavy met~ls 
Herbicides varles= O. 1 * varies 1-1600 u U 
Iron (Filterable) 0.3 a. 0.3 cD III 80 I III III 
Kero~ene or diesel (gal/acre) 5 III ." 
LAS 1.0 0 0 
Lead O.OS* O.OS 5.0 2.0.0 0.1 
Lithium 
Magnesium 30 
lvianganese 0.05* a. 0.05 2.0 20.0 10 
Mercury 0.01 
Methylene blue Act (MBAS) 0.5 '" 1.3 
Mixed phenol waste O. I 
Molybdenum. .005 • OS 
-\C 
Table 3-3. Continued. 
Class C Livestock IRRIGATION 
Constituent (Ref. 1 & 2) Watering Conti.n.uo1:ls1y 
(Ref. 1,3) , on all soils 
. (aef. 1.3) 
, ~ 
MPN Fecal/loo ml 
MPN Total/lOO :iril 
Nickel 
Nitrate + Nitr~te 
all, (gall mile, ) 
Oil It Grease (mg/l) 
PesticiQes 
Petrol. waste 
pH 
Phenol5_ 
Phosphate 
ltadicm-2.26 (pc 11) 
SA,R (sodium ads. ratio.) 
Secchi disc (it) 
Selenium 
Silver, 
Sodium 
Specific conductivity (mrnhos) 
55 
Strontium-9(l (pc/l) 
Sulfate 
TDS 
Temp. t~C) 
Turbidity (J. C.) 
Uranyl ion' 
Vanadium 
Zinc 
'a. not specifically defined 
mean monthly 
b. 2.,000 
b. 5,000 
45.0* 
a-bsent * 
varies = 0.2.* 
6.5-8.5 
0.001* 
a. 0.1 
3 .. 
0.01* 
.0.05* 
10 * 
250 * 
500 * 
a. 2,5 
* 
5.0 * 
5.0 * 
b. 
.. not reduced by staIldard treatInent 
c. 
- -- -
--
---- . 
c. 2.,00;9, .:;; ;~~~:"::lV~~~:_5 c. 10, OOO'~':~ 
a. 45 --. 
~ .. 
6.0-8.0 a. 4.5-9 
a. 3 3 
e. 6-15 
0.01 0.05 
0.05 
a. 10 10 
500 e. 200-1000 
d. 500-10,000 e. 1300-8500 
10 
a. 5.0 5.0 
d. 
.. 
f. 
for dairY,sariitation < -2000 total and < 500 fecal 
depends on type of lives.tock 
depends on type of crop (note: 1 mmho/cm == 640 mgll @ 2,SoC salt) 
de~nda on type' of organism 
Short term 
on fine ·soils 
(Ref. 1,3) 
e. 1.000 
Z.O 
a. 4.5-9 
3 
O. 05 
10 
e. ZOO-lOOO 
e. 1300-8500 
10 
5.0 
Game RECREATION Cooling' Petroleum Mining 
Fish iSecondary Primary Water Industry (Ref. 4) 
(Ref. 1,3) Contact Contact (Ref, 1) (Rei. 1) 
Ref. 1,3) (Ref. 1,3) 
-. • ~_ 0...... __ • 
-- -. -
f. 230 up b. 1,000 200 
0.05 
30 3 
ZS 
f. 0.1-1.6 
,0.05 \) \) 
f. 0.01 III co 
6.5-8.5 III co 3.5-9.1 6-9 
.! 
" 1.0 \) (3 
4 Z 
3 
4: 
0.01 
3000 
20-100 20-100 15,000 10 250 
10 
680 
f. 1/3ine. 1,300 1,000 6,800 
or 2000 
f. l.s'kcrea:se 30 
9-Zl o C 
f. 10-1000 
f. 0.1-5.0 
Table 3-4. Occurrence of high constituent concentrations** in wastewaters .. 
CONSTITUENT SOURCE 
Urban 
Natural Municipal Industry Storm Agricultural 
Drainage WWTP Petro-Chem Metal-Refining Mining Runoff Return Flow 
Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Chloride (CI) 
Chromium (Cr04 ) Copper (Cu) 
Cyanide (Cn) 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Nitrate (N0 3 ) Phenol (C 6 HSOH) Phosphate 
Sel inium (Se) 
Silver (Ag) 
Sulfate (504 ) 
Oi I & Grease (O&G) 
Turbidity (JTU) 
Total Dissolved 
Sol ids CTDS) 
Biochemical Oxygen 
Demand (BOD) 
Methyl Benzyl Alkyl 
Sulfonate (MBAS) 
Coliform MPN 
* 
2 
* 
2 
* 
* 
* 
3 
2 
3 
* 
2 
* 
* 
* 
2 
* 
2 
* 
2 
* 
* 
2 
* 
* 
* 
I 
3 
* 
* 
3 
2 
3 
* 
* 
* 
* 
* 
3 
* 
, 
2 
2 
2 
2 
I 
I 
* 
* 
2 
I 
* 
* 
* 
* 
* 
.* 
2 
* 
I 
2 
2 
I 
2 
2 
2 
I 
2 
2 
2 
2 
I 
2 
3 
I 
2 
2 
2 
* 
2 
3 
I 
I 
2 
2 
* 
* 
* 
I 
* 
* 
* 
* 
2 
* 
* 
* 
* 
* 
* 
I 
2 
I 
* 
* 
2 
* 
* 
* 
* 
* 2 
I 
I 
* 
-* 
2 
* 
* 
* 
2 
* 
I 
- I 
* 
* 
* 
* 
* 
* 2 
* 
* 
* 2 
* 
* 
KEY = I Common 
2 Occasional 
3 Rar9 
(50% of time) 
(10% of time) ( < I 0% 0 f time) 
**C.oncentrations exceeding I imitations of 
State CI ass "c" water qua II ty standards 
• = No+ Oetected 
agricultural to domestic uses and thereby prevent applica-
tion of the most desirable solution. 
Water Requirements and System Balance 
Water resources in the study area have been broadly 
categorized as surface water, groundwater, municipal and 
industrial effluents, and import water. The available water 
is diverted for municipal, industrial, and agricultural uses. 
The diversion also includes the managed waterfowl area at 
the north end of Salt Lake County. 
For convenience of analysis, Salt Lake County is 
subdivided irito seven sections, viz., Areas HI' H2 , G, FI , 
F 2' E, and D. In order to evaluate the different 
alternatives in water supply and arrive at an optimum 
scheme for the current as well as future years via the 
transportation model, present and projected water avail-
abilities and requirements for each area need to be 
estimated_ A planning horizon of about 50 years will be 
20 
considered to include the present year, 1975, 1980, 1985, 
2000, and 2020. Estimates of water resource conditions 
and requirements specifically for these 6 years are used 
and minimum cost schemes for water supply determined 
by the model. The demand for water in all the sectors is 
assumed to be perfectly inelastic so that technically, the 
demand for water could be called requirements. 
Due to the nature of uncertainty present in projec-
tions, maximum and minimum estimates have also been 
made. The model is operated for each of the 6 years for 
the base projection and then a parametric analysis is used 
to obtain solutions for the set of maximum estimates and 
the minimum estimates. The projections used in the 
model are arrived at by analysis of predicted land use in 
the area. For the projections, the water resources system 
is balanced taking into account the geography and 
hydrology of the study area. The following sections 
discuss in greater detail the development of data on water 
supply availabilities and requirements for the model. 
Table 3-5. Treatment capability for various types of wastewater treatment. 
BOD TDS SS NO PO 
TREATMENT TYPE MS/I* % Remova I ~/I %Removal MS/I %Removal MS/I %~emoval M9/1 %~emoval 
Primar~ & Secondar~** 
Waste Stabi Ilzatlon Lagoon 30-60 70 30-60 70 15 20-30 
Extended Aeration 20-20 80-90 10 95 15 20-30 10-2·0 
Primary Sedimentation 120 45 75 70 
High Rate Trickling Filters 40 80 20-30 90 15 20-30 10-20 
Standard Rate Trickling Fllt.ers 20-30 85- 10-12 95 10 30-40 5 50 
High Rate Activated Sludge 30-50 75 20-25 90 10 20-30 10-20 
Standard Rate Activated Sludge 15-20 90 20-25 90 10 30-40 8 20 
Physical-Chemical 10-15 93 20 10-20 90 4.6 75 1.5 85 
Tertiar1.*** 
Chemical Coagulation & Filtration 4-12 94-98 5-7 96-98 2 .. 5 98 
Sand-Filtration - Deep Bed 4-12 94-98 5-7 96-98 2.5 98 
Microscreening 4-12 94-98 2-6 97-99 
Carbon Adsorption 2-10 95-99 1-3 98 
Microbial Denitrification 4 60-95 
Ammonia Strlpplng/B.P. Chlorination 
(IO mg CI per 1.0 mg NH3) 1-3 98 4 85-98 
Ion Exchange <I 99+ 5 80-90 98+ 
Land Dispersal/Ground Drains 1~2 99 0-2 99 17 5-15 0.5-1.0 90 
Reverse Osmosis 1-2 99' 95-99 <I 99+ <I 95-99 <1.0 98+ 
Electrodialysis 1-2 99 40 10 30-50 6 30-50 
* = Mg/I of constituent remainIng In effluent 
** = Values based on typlc~1 raw sewage Influent 
*** = Overa I I ef fluent qua I I ty and remova I s when process Is preceded by primary and secondary treatment 
Water requirements 
Municipal water. Municipal use includes water used 
for domestic purposes, water used for lawns and gardens, 
and minor industries that take water from the municipal 
supply and the growth of which is directly proportional to 
the growth of the population. Population projections were 
obtained from Hely (1971), Caldwell (1972), Templeton 
(1973), and Kim (1973) for the entire county. The 
projections, graphed (Figure 3-2) for the entire planning 
horizon, and high, low, and average values for the 6 years 
of interest, are also tabulated in Table 3-6. Using Caldwell 
et al. (1972), Templeton and Alsup (1973), and SLATS 
(1972), a mean percentage of population distribution by 
area for each of the seven areas was calculated. Besides, 
Kim (1973) gives two estimates of population projection, 
one' on the assumption of constant fertility with migra-
tion, and the other on declining fertility without migra-
tion, both assuming a decline in mortality rate. This is the 
most recent projection and is quite low relative to others. 
Projections of Hely et al. (1971) and Templeton and 
Alsup (1973) are on the high side and that of Caldwell et 
al. (1972) is in the middle. 
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A percapita consumption of 0.24 acre-feet/yr was 
used to arrive at the diversion requirement for municipal 
use. This figure takes into account the allowable connec-
tions and the growth of each region in municipal water 
supply system. About 50 percent of the diverted water is 
being used for domestic purposes and minor industrial 
sectors. Almost all of this water returns to the wastewater 
treatment plants through the municipal sewer system. The 
remaining 50 percent of the water is used for lawns and 
gardens and public parks in the urbanized region of which 
30 percent is used consumptively and 70 percent is 
estimated to be groundwater seepage. These estimates are 
used to prepare the municipal water budgets in Table 3-7 
for each of the subareas. For the current year, these values 
are taken as they are and used in the model, without 
calculating the water requirements from the present 
population figures. Table 3-8 presents the projected water 
requirements, by subregion, for municipal use. Appendix 
A shows a complete summary of water disposition in the 
municipal sector including the total diversion require-
ment, the consumption use, the groundwater inflow, and 
the surface return flow by areas for each of the 5 
projection years. 
1400 
1300 Year High Middle Low 
1975 604,000 548,393 495,561 
1980 700,000 611,902 529,040 
1200 1985 794,000 673,197 560,356 2000 1,043,000 362,302 649,391 
2020 1,405,000 1,126,400 78,000 
1100 
1000 
1970 1975 1980 1985 1990 1995 2000 2005 2010 2020 
Year 
Figure 3-2. Population projections. 
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Table 3-6. High, middle, and low values for six years-population projection from Figure 3-2. 
Year High Middle Low 
1975 604,000 548,393 495,561 
1980 700,000 611,902 529,040 
1985 794,000 673,197 560,356 
2000 1,043,000 862,302 649,391 
2020 1,405,000 1,126,400 780,000 
Table 3-7. Municipal water budget for areas. 
AREA 
D E Fl F2 G HI H Totals 2 
Total 
Municipal 
Dem.and 1,300 54,600 12,500 19,800 18,000 2,600 14,500 123,300 
Domestic 
Use 
(49.5% 
of total) 600 27,000 6,200 9,800 8,900 1, 300 7,200 61,000 
Consum.p-
tive use nil nil nil nil nil nil nil 0 
Municipal 
Efflu-
ent 600 27,000 6,200 9,800 8,900 1,300 7,200 61,000 
Lawn/Gar-
den Use 
(50. 5% 
. of tot-
al) 700 27,600 6,300 10,000 9, 100 1,300 7,300 62,300 
Consump-
tive use 
(70% L/ 
G use) 500 19,300 4,400 7,000 6,400 900 5, 100 43,600 
Seepage to 
GW 200 8,300 1,900 3,000 2,700 400 2,200 18,700 
.,.., 
Industrial water. This includes water diverted from 
surface sources, private wells and imported water for 
industrial purposes, either for process or sanitation or for 
both. Water users of this kind mainly comprise the large 
industrial complexes in each subarea. It is a reasonable 
presumption that these large industrial requirements for 
all subregions will stay fairly constant except for Salt 
Lake City, where a small industrial growth is expected. 
The industrial requirement data were obtained jointly 
from Hely et a1. (1971) and Templeton and Alsup (1973) 
and they have been modified slightly to accommodate the 
definition of industrial use presented here, so that double 
counting does not occur. 
Agricultural water. This takes into account the 
water used for irrigation purposes and livestock. Data on 
agricultural land use, present and projected values, were 
gathered from Templeton and Alsup (1973) and SLATS 
Table 3-8. Projection of municipal requirements by area in 1000's acre-feet. 
D E F1 F2 G HI H2 
1975 
--H 3. 1 55. 1 16. 0 28.3 25.2 4. 6 10. 1 
M 2. 8 50.0 14. 5 25.7 22.9 4.2 9. 1 I' 
L 2. 6 45.2 13. 1 23. 2 20.7 3. 8 8. 3 
1980 
--
H 3. 6 59.6 19. 2 32.8 30.7 7.3 14. 8 
M 3. 2 52. 1 16. 7 28.6 26. 9 6.4 12. 9 I 
L 2.7 45. 1 14.5 24.8 23.2 5.5 11. 2 
1985 
--
H 4.2 65.7 22.0 36. 6 36.0 8. 8 17.3 
M 3. 5 55.7 18.7 31. 0 30.5 7.4 14.7 I 0/)')00 
L 3.0 46.4 15. 5 25.8 25.4 6.2 12. 2 
2000 
--
H 5.5 73.8 30.5 47.5 55.0 11. 9 25.9 
M 4.5 61. 1 25.2 39. 3 45.5 9.8 21. 4 ? 
L 3.4 46.0 19. 0 29. 6 34.3 7.4 16. 1 
2020 
--
H 7.6 79. 2 43.0 62.4 87.7 16. 2 41. 1 
M 6. 1 63.5 34.5 50.0 70.3 13.0 33.0 ~1 
L 4.2 44.0 23.9 34.6 48.7 9.0 22. 8 
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(1972). For the years for which data were not available, 
linear graphical interpolations and extrapolations (Figure 
3-3) were used to arrive at a high, low, and average 
estimate of agricultural land for the entire county (Table 
3-9) for each of the 6 years. The percentage of land by 
area was projected from Caldwell et al. (1972) and 
Templeton and Alsup (1973) for the 6 target years and 
seven subareas. 
An average coefficient of 4 acre-feet/acre was used 
to obtain the agricultural diversion requirement by area. 
There are some uncertainties in these figures which are 
introduced by such factors as growth of agriculture, 
improvement in the efficiency of irrigation system, 
increases in stock population, precipitation, and type of 
crops. 
Of the entire diversion, about 15 percent is lost as 
canal seepage. About 30 percent goes to the groundwater 
table. Approximately 10 percent of the diversion is 
estimated to be the surface runoff. The remaining is 
accounted for as evapotranspiration in the fields. Using 
these coefficients with the diversion requirements, 
groundwater inflow and the surface return flow are 
obtained for each subarea in the county for the projection 
years. These data are presented in Appendix B. The 
projected agricultural requirements abstracted from the 
Appendix are presented in Table 3-10. As for the current 
year, the values are obtained on the basis of existing 
conditions, using actual diversions, and preparing water 
budgets for the areas. These data are presented in Table 
3-11. 
Water sources 
Surface water. The surface water sources in the 
county constitute the six creeks, viz., Red Butte Creek, 
Parley's Creek, Emigration Creek, City Creek, Big and 
Little Cottonwood Creeks, and Mill Creek. The first four 
flow in Area E, the next two in Area F 2 and the last one 
in Area G. These surface sources are of quality greater 
than or equal to Class "C". The expectation is that there 
will not be a major change in the creek flows and hence 
the current quantities will be used for the future years 
also. The uncertainties in these flows are introduced by 
changes in precipitation and temperature which may cause 
the values to fluctuate around the mean. But for model 
purposes, the 1964-68 expected values are taken (Hely et 
al., 1971) and they are assumed to remain unchanged. 
Water for municipal use from the sources is treated by 
water treatment plants currently operating in the system. 
The capacity of these plants is shown in Table 3-12. 
Jordan River is another surface water source in the area 
and its quality is in general less than Class "C." The 
discussion on Jordan River is deferred until the end of the 
section. 
Groundwater. Groundwater conditions are exten-
sively discussed in Hely et al. (1971). The main interest in 
this problem is the groundwater recharge and groundwater 
discharge in the study area. This is reproduced from Hely 
et al. (1971) (Table 3-13). Data from this table are of use 
in analyzing the flow regimen of the Jordan River in a 
subsequent section. 
The withdrawal from wells in each subregion also 
has been calculated from Hely et al. (1971). The figures 
corresponding to 1970 are taken to be the groundwater 
supply. Also, for purposes of initial model runs, it is 
assumed that the pump age will not change in future years. 
In fact, the withdrawhl from wells has already reached a 
low ebb and it is doubtful if more wells would be capped 
in preference to other water. Considering the cost per 
acre-foot, and the quality of this water, this source 
happens to be one of the most inexpensive sources. 
Import water. Of the five out-of-basin sources 
(Provo Reservoir Canal, Utah Lake Distributing Canal, 
Table 3-9. High, middle, and low values of agricuUuralland in acres. 
Year High Middle Low 
, 
1975 62,000 55,450 48,900 
1980 58,400 51,750 45,100 
1985 54,900 50,950 42,000 
2000 44,300 39,900 35,500 
2020 30,000 28,800 27, 600 
25 
70---------------------------------------------------------------------, 
20 
10 
O~ ____ ~ ____ ~~ ____ ~ ____ ~ ____ ~ ______ ~ ________ ~~-------------
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 
Year 
Figure 3-3. Agricultural land use projections (total irrigation diversion requirement: Land use x 4.0 acre-feet/acre). 
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Kennecott Copper Pipeline, Jordan Aqueduct, and Salt 
Lake Aqueduct), no change is expected in the quantity 
imported by Utah Lake Distributing Canal, Kennecott 
Copper Pipeline and the Salt Lake Aqueduct. However, 
with the Central Utah Project, the Provo Reservoir Canal 
is expected to supply more in the future. It is estimated 
that this quantity will reach about 62,000 acre-feet in the 
year' 2020. The Jordan River Aqueduct is expected to 
supply 3,000 acre-feet in 1975, and reach a maximum of 
70,000 acre-feet by 1985. A linear interpolation gives a 
figure of 39,200 acre-feet for 1980. 
Municipal effluents. Under the earlier section on 
municipal water, it was noted that about 50 percent of 
the municipal water used by households and minor 
industries is collected by the existing sewage facilities and 
Table 3-10. Projections of agricultural water requirements by area in 1000's acre-feet. 
D E Fl F2 G HI H2 
1975 
--
H 16. 9 3. 2 44.8 6. 2 28.9 101. 2 47. 1 
M 15. 1 2. 9 40.0 5.5 25.8 90.5 42. 1 
L 13. 3 2. 5 35.3 4. 9 22. 8 79.8 37.2 
1980 
H 15.8 2. 5 41. 2 4.9 25.0 98.3 45.0 
M 14.0 2. 2 36. 7 4.3 22.1 87. 1 39.8 
L 12. 2 1.9 32. 0 3. 8 19. 3 75.9 34.7 
1985 
--
H 14.5 2.4 38.7 3. 9 22. 1 94.9 42.8 
M 13. 5 2.2 35.9 3. 6 20.5 88.0 39.7 
L 11. 1 1.8 29.6 3.0 16. 9 72.6 32. 8 
2000 
--
H 11. 6 1.9 30. 1 0.7 14.2 83. 1 35.6 
M 10. 5 1.7 27. 1 O. 6 12. 8 74.9 32. 1 
L 9. 3 1.5 24. 1 O. 6 11.4 66. 6 28.5 
.2020 
--
H 7.7 1.3 19. 8 0 6. 0 62.9 24.5 
M 7.4 1.. 2 19.0 0 .J •• 7 27.9 10. 9 
L 7. 1 1.2 18.2 0 2.5 25.7 10. 0 
27 
Tahle 3-11. Agricultural irrigation water budget for areas. 
ITEM D Fl 
Diversion (SW & GW) 28,200 51,100 
Cana l Seepage 
(% SW Diversion) 4,300 7,500 
Water AppLied to 
Fields (Deliveries) 23,900 43, 600 
Consuptive Use 
(% Irrig. Acres) 17,600 31,700 
Gross Reuseable 
Water 6,300 11, 900 
Seepage to GW 
(30% of Deliveries) 5,100 9, 700 
or 
Surface Runoff 
(5% of Deliveries) 1,200 2, 200 
Tota l Seepage to GW 
(Cana L & Deliveries) 9,400 17, 200 
Table 3-12. Water treatment plant capacities. 
Treatment Plants 
City Creek 
Parleys Creek 
Big Cottonwood Creek 
Little Cottonwood Creek 
AREA 
F2 
19, 100 
2,900 
16, 200 
5,300 
10,900 
4,900 
6, 000 
7,800 
28 
G HI 
60,900 108,300 
9,300 16, 400 
51, 600 91,900 
22,900 66,800 
28,700 25, 100 
15, 500 20, 500 
13,200 4, 600 
24,800 36, 900 
Capacity in 
ac-ft/yr 
19,100 
35,900 
42,580 
112,100 
H2 
TOTAL 
50,900 318,500 
7, 600 48,000 
43,300 270,500 
31,700 176,000 
11, 600 94,500 
9,400 65,100 
2,200 29,400 
17,000 
taken to the wastewater treatment plants. These levels 
depend on the population projection, and quantities have 
been already ,derived under surface return flow in 
Appendix A. Table 3-14 summarizes the capacities of 
existing wastewater treatment plants which are also 
included in the model under assumptions of either 
constraining them to maximum capacity, or allowing for 
expansion as required. Treated water can be discharged 
into the Jordan River. 
Industrial effluents. The industrial wastewater in-
ventory (Utah State Division of Health, 1964-71) was 
tabulated by area. Water going into the sewer system was 
subtracted and the remaining water is that discharged 
directly into surface water sources. Since it is assumed 
that there will not be any large change in the growth of 
major industries, these effluents are not likely to change 
appreciably. Hence, the current values are taken for future 
years. Only industrial effluent from Salt Lake City is 
Table 3-13. Groundwater recharge and discharge. 
slightly increasing due to the fact that the requirement is 
also expected to increase in this area. 
Jordan River. Jordan River is divided into four 
reaches, viz., 1) Jordan River Narrows to 9400 South, 2) 
9400 South to 5800 South, 3) 5800 South to 2100 
South, and 4) 2100 South to Cudahy Lane. The water 
entering the county at the Jordan Narrows is taken as 
206,300 acre-feet, the 1964-68 average (Hely et aI., 
1971). From the Narrows, there are many canals diverting 
water for agricultural purposes. Some of the agricultural 
water returns to the river as agricultural return flow and 
groundwater inflow. Also, the un diverted tributary stream 
flow adds to the river. Therefore, the augmentation is due 
to: 1) Irrigation return flow, 2) groundwater inflow, and 
3) stream inflow. 
Using the information available in Hely (1971), it is 
estimated that about 20 percent of the water applied to 
Surrnuary of Groundwater Discharge 
Evapotranspiration 
Inflow to Jordan River 
Inflow to drains near Garfield, Magna 
Spring flow ditches 
Other 
Subsurface outflow to Great Salt Lake 
Wells 
Sum.m.ary of Groundwater Recharge 
Seepage from. bedrock 
Underflow in channel fill 
Underflow at Jordan Narrows 
Seepage from. Creek channels 
Seepage from. m.ajor canals 
Seepage from. fields 
Seepage from. lawns and gardens 
Seepage from. tailings ponds 
Seepage from. precipitation 
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60,000 
170,000 
5,000 
107,000 
2,000 
4,000 
19,000 
135,000 
1,500 
2,500 
20,000 
48,000 
81,000 
17,000 
2,400 
60,000 
the fields returns to the Jordan River, of which 42 percent 
takes place between the Narrows and 9400 South, 22 
percent joins the river between 9400 South and 5800 
South, and the remaining 36 percent augments the How 
between 5800 South and 2100 South. Since there are 
three estimates on the irrigation diversion requirements, it 
is possible to determine three sets of values for the 
agricultural return flow, a high, a low, and an average 
estimate. 
From the groundwater recharge and discharge 
accounts (Hely, 1971), it is found that 40 percent of the 
total groundwater is discharged as Jordan River inHow. If 
the groundwater is balanced then 
GW Recharge = GW Discharge and Storage. 
If storage is a negligible value, then 
GW Recharge":::: GW Discharge. 
The total groundwater discharge depends on groundwater 
recharge. The factors affecting the groundwater recharge 
are seepage from major canals, seepage from irrigated 
Table 3-14. Wastewater treatment plants. 
fields, and seepage from lawns and gardens. The other 
factors have not changed appreciably over the years. 
Assuming the change in the above factors is not 
great and also assuming linear soil characteristics over the 
relevant range, it is estimated that about 40 percent of the 
total groundwater discharge increases the Jordan River 
water by subsurface flow, of which 18 percent enters the 
river between the Narrows and 9400 South, 44 percent of 
the inflow takes place between 9400 South and 5800 
South, and 38 percent between 5800 South and 2100 
South. 
Since a maximum, minimum, and an average esti-
mate has been obtained for agricultural requirements and 
municipal requirements, it is easy to obtain a maximum, 
minimum, and average value for the seepages taking place, 
and hence, the three corresponding estimates for the 
groundwater inflow can be determined. The stream inflow 
is assumed more or less constant and is based on the 
estimates obtained in 1964-68 (Hely, 1971). The gross 
gain to the Jordan River is calculated as the sum of the 
agricultural return flow, groundwater inflow, and stream 
inflow for each section of the river. These computations 
Area Code Treatm.ent Plants / Capacity in District ac-ft/yr 
H2 {TP j Sandy 3,900 
TP2 Tricom.m.unity 4,500 
G TP 1 Murray 5, 600 
rTP Salt Lake City Sub. 9,000 1 San. # 1 
F2 < TP2 Salt Lake City Cotton- 8,000 
wood 
TP3 South Salt Lake 5, 100 
F1 TP 1 Granger, Hunter & 7,800 Kearns 
E TP 1 Salt Lake City 50,400 
D TP 1 Magna 1,500 
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are presented in Appendix C. The net natural gain is 
Gross Gain - Treatment Plant Discharges 
The net natural gains are identified as separate 
surface water sources in the model. A summary of the 
gains of the four river reaches corresponding to high, low, 
and .average estimates is shown in Table 3-15. 
consumptive use, for municipal, industrial, and agricul-
tural sectors for each of the seven areas are shown. The 
surface water, groundwater, import water, and wastewater 
resources for the entire county are also shown. As already 
noted in the preceding discussion, the flow augmentation 
caused by inflow to the Jordan River reaches is considered 
as point sources and their values are depicted in Figure 
3-4. The determination of these values already has been 
discussed in the previous sections. For each of the 
projection years, using the water availabilities and require-
ments listed in Appendixes D and E respectively, a water 
budget is balanced for each area and the entire system is 
summarized in Appendix F. To complete the right-hand-
side of the linear programming problem, the existing 
capacities of the water treatment plants and wastewater 
facility in the study area are also specified. 
Flow diagram and system balance 
A schematic of the flow process in Salt Lake 
County is shown in Figure 3-4. The quantities correspond 
to average values for 1975. The diversion requirements, 
the groundwater inflow, the surface runoff and the 
Table 3-15. Jordan River reaches-high, middle, and low gains. 
Reach 1975 1980 
- - - - - - - - - - High -
N-9400 60,400 59,000 
9400-5800 79,100 78,000 
5800-2100 86,800 85,400 
2100-Cudahy 23,000 23,000 
- - - - - - - - - Middle 
N-9400 57,300 55,800 
9400-5800 75,600 74,300 
5800-2100 82,900 81,300 
2100 -Cudahy 24,200 24,200 
- - - - - - - - - - Low -
N-9400 54,100 52,600 
9400-5800 71,900 70,600 
5800-2100 78,900 77,200 
2100 - Cudahy 23,000 23,000 
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1985 2000 2020 
- - -
- - - - -
57,700 53,600 48,200 
76,900 73,600 69,000 
84,000 79,700 74,100 
23,000 23,000 23,000 
- - - - - - - -
55,600 51,200 46,800 
74,300 70,200 66,700 
81, 100 76,200 71,900 
24,200 
I 
24,200 24,200 
- - - - - - - -
I 
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Figure 3-4. Summary of water availability, requirements, and effluent flows in the study area for 1975. 
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CHAPTER 4 
WATER REUSE COSTS 
Introduction 
The cost matrix forms the basis for the decision 
making in the linear programming transportation model. 
The literature was reviewed to determine the appropriate 
cost functions for each method of waste treatment and 
water reuse. These costs were then adjusted to June, 
1973, by use of the ENR Construction Cost Index, and 
presented as dollars ($) per acre-foot (AF). Treatment 
!:s A B C- D \-later Hunicipal Industrial Agr:1.-Treatment Culinar), .cultur.al Water ORIGINS 0 Plant Water Water 
Surface 
1 Water Better 13a 95 11 6 
Than Class C 
Water 
2 Treatment 999 45 45 45 
Plant 
3 Wells 9 41 13 9 
4 Nunicipa1 124 233 I 155 130 Effluent 
Industrial 5 124 233 155 130 Effluent 
Was te~1ater 
6 Treatment 0 109 31 6 
Plant 
Surface 
7 Water Worse 28 115 30 6 ' 
Than Class C 
Central 
S Utah 999 55 6S 65 
Project 
aCos t data are in dollars per acre-ft. 
Figure 4-1. Water treatment and reuse costs. 
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methods were selected to meet Class C effluent standards 
or better. 
A summary of the costs is shown in Figure 4-1 and 
is discussed in detail in the following sections. The costs 
represented by 999 are used to indicate that the allocation 
is infeasible. The zero (0) costs indicate that the water is 
of suitable quality to be used directly or discharged 
directly. The costs shown are for use in one planning area, 
E F G H I 
\~asteW"ater Untr~ated lolater System Regional Treatment Fowl tolas tcT ..... a ter Effluent Outflow Plant Outflow Plant 
999 999 0 0 999 
999 999' 999 999 999 
999 999 9 999 999 
104 124 999 999 103 
I 
104 124 999 999 103 
999 0 0 0 999 
I 
I 
999 0 0 0 999 
o. 
999 999 999 999 999 
and it is necessary to add a water transportation cost to 
deliver water to another planning area. 
Treatment and Reuse Costs 
Origin 1: Surface water better than Class C 
Destination A: Water treatment plant 
The existing water treatment plants are located on 
mountain streams and draw no water from wells. Costs 
are based on annual reports for the Salt Lake County 
area and include the total cost of acquiring and delivering 
the water to the influent of the water treatment plants. 
The annual cost of the capital investment is based on 
5~ percent for 30 years. The capital recovery factor 
(CRF) is 0.06. 
(I) Capital cost (Salt Lake City Water Department, 
1971, p. 7) 
(2) 
Water rights and supply 
Land and right-of-way 
Pumping plants and 
pumphouse 
Caretaker and other 
residences 
Storage reservoir 
Pumping plant equipment 
Annual cost (CRF-0.06) 
- $ 4, 113,000 
440,000 
] 20,000 
18,000 
380,000 
150,000 
$ 5,221,000 
$ 315,000 
Operation and maintenance (Salt Lake City 
Water Department, 1971, p. 8) 
Source of supply $ 380,000 
Power and pumping 100,000 
Shop and maintenance 175,000 
Administration 50,000 
$ 705,000 
(3) Water usage (Templeton, Linke, and Alsup, 
1973,p.25) 
24,966 mil gal = 76,500 AF 
(4) Total annual cost 
Capital $ 315,000 
Operation and 
maintenance 705,000 
$ 1,020,000 
(5) Unit cost 
$13.35/AF Use $13/AF 
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Destination B: Municipal culinary water 
This alternative implies that a new plant would be 
built at current prices. The costs were adjusted by the 
ENR Construction Cost Index (Figure 4-2) to June, 1973. 
(I) Existing water treatment plant production (Salt 
Lake City Water Department, 1971, p. 18). 
a) Three plant total flow - 13,580.9 mil gal/yr 
b) Average flow - 12.5 mgd = 14,000 AF/yr 
(2) Water treatment costs (Koenig, 1967) 
a) @ 8.0 mgd with 50 percent utilization of 
plant (see Figure 4-3). 
b) Costs are 10 ¢ 11000 gal (I 964 prices) 
20 ¢/l000 gal (June, 1973, prices) 
c) $65.40/AF (Cost 1)* 
(3) Water distribution (Salt Lake City Water De-
partment, 1971, p. 7). 
a) Capital costs 
Pumping plants and 
pumphouses - $ 150,000 
Shop and storehouse 
buildings 375,000 
Water conduits and supply 
lines 4,751,000 
Distribution mains and 
hydrants 
Service connections 
Drinking fountains 
Pumping plant equipment -
Other machinery and 
equipment 
Automobiles and trucks 
Office furniture and 
equipment 
Distribution reservoirs 
Annual cost (CRF-0.06) 
b) Operation and maintenance 
8,459,000 
1,788,000 
11,000 
150,000 
50,000 
50,000 
10,000 
1,626,000 
$17,410,000 
$ 1,045,000 
Power and pumping 
Transmission and 
- $ 150,000 
distribution 
Shop and maintenance 
Customer accounting 
Administration 
Uncollectable accounts 
600,000 
150,000 
160,000 
150,000 
10,000 
* $ 1,220,000 
Key costs are designated by number in order to facilitate 
referencing particular costs used later in developing composite 
total cost figures. 
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Figure 4-2. ENR construction cost index. 
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Figure 4-3. Median total cost of water treatment, 1964 (from Koenig, 1967, Fig. 4). 
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c) Annual cost 
Capital 
O&M 
- $ 1,045,000 
1,220,000 
$ 2,265,000 
d) Total distribution of water (Salt Lake City 
Water Department, 1971, p. 25). 
24,966.2 mil gal (July 1, 1970 to June 30, 
1971) 
76,500 AF/yr 
e) Unit cost 
d) Unit cost 
Capital 
Chlorine 
(3) Unit cost 
a) Pumpage 
b) Chlorination 
Destination D: Agricultural water 
- $1.16 
1.52 
$2.68 (Cost 5) 
- $ 7.82 
2.68 
$10.50 
Use $11/AF 
$2,265,000/76,500 AF = $29.60/ AF (I) Diversion structures 
Use $30/ AF (Cost 2) a) Recently built structures (Harrison, 1973) 
(4) Unit costs 
a) Water treatment 
b) Water distribution 
Destination C: Industrial water 
- $65.40 
29.60 
$95.00/AF 
It was assumed that no treatment was necessary 
other than chlorination. The industries in Salt Lake 
County are located at varying distances from the mountain 
streams so the reported costs for pumpage are considered 
to be approximate. 
(1) Pump age from river (Boehm, 1973) 
2.4¢/1000 gal = $7.82/AF 
(2) Chlorination 
(Cost 3) 
a) Required residual (State of Utah, 1955, p. 39) 
2 ppm, 30 min. 
b) Capital costs (Eckenfelder and Adams, 1972) 
Capital cost = $11,600 Q 0.47 
Q = 1 mgd; Cost = $2.53/mil gal (Sept., 1969) 
$3.55/mil gal = $1 16/AF (June, 1973) 
c) Ghlonne costs (Smith, 1968, p. 1555). 
Assume 4 ppm required for 2 ppm residual. 
Cost = $0.08/1b x 1.77 = $0.14/1b (June, 1973) 
. 4 ppm x 8.33 Ib/gal 
Quantity 3.06 AF/mil gal = 10.91b/AF 
Cost = $10 91b'AF x $0.14/1b = $1.52/AF 
1) Spring Creek, 10 cfs, $8,000 
2) Blacksmith Fork, 7 cfs, $15,000 (":Vide 
river) 
3) Smith Hill North Bench, 18 cfs, $1500 
( narrow, steep) 
b) Use Smith Creek as average condition 
1) 10 cfs = 20 AF/day = 6.5 mgd 
c) Assume following utilization of structure 
1) Irrigation - 20 AF/day x 0.2 = 4 AF/day 
= 1460 AF/yr 
d) Costs 
1) Capital cost - $8,000 x 0.08 = $ 640/yr 
2) O&M - $8,000 x 0.05 400/yr 
$1,040/yr 
e) Unit costs 
1) $1,040/1460 AF/yr = $0.71/AF (Cost 6) 
(2) Canal costs 
a) Total costs 
Table 4-1. Canal transmission costs (data from Lina-
weaver and Clark, 1964, Table 7). 
Q Capital Cost July 1962 July 1962 June 1973 
mgd $/mi Ii $/100.0 ga1/mi $/AF/mi $/AF/mi 
2() 87,7.00 0.00732 2.39 S.23 
40 111,0.0.0 0.00.0374 1.22 2.67 
1;00 136,0.0.0 0 • .0.0.023.0 .0.75 1.64 
.140 156,.0.0.0 0 • .0.0.018.0 0.59 1.29 
~ '-. -_. (Cost 4) Ie,", - 0.0462 -----.- . .. ... 
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b) Assuming that a canal is used by several 
industries a 20 mgd flow rate was chosen. 
Also assuming an average of 1.0 mile of 
canal was required by an industry, a cost of 
$5.23/AF was chosen to represent unit costs 
for a canal. 
(3) Unit costs 
a) Diversion 
- $0.71 
b) Canal 5.23 (Cost 7) 
$5.94 Use $6/ AF 
Origin 2: Water Treatment Plant 
Destination B: Municipal culinary water 
(1) Water treatment cost (Salt Lake City Water 
Department, 1971, p. 18). 
a) Cost per mil gal treated - $37.02 
b) Unit costs 
$11.30/ AF (1970-71) 
$14.60/AF (June 1973) 
(2) Unit costs 
a) Treatment - $14.60 
b) Distribution 30.00 (see Cost 2) 
$44.60 
Use $45/ AF (Cost 8) 
(3) Salt Lake City Water rates (Scott, 1973). The 
rate is higher for county residents because the 
city residents cover part of the cost by taxes. 
Table 4-2. Salt Lake City water rates (data from Scott, 
1972). 
Citya ¢/100 cu ft ¢/1000 gal $/AF 
< 45,000 cu ft/3 months 14 18.7 61.00 
45,000 to 150,000 cu ft 13 17.3 56.40 
> 150;000 cu ft 11 14.65 47.80 
Countyb 
<45,000 cu ft/3 months 21 28 91.00 
45,000 to 140,000 cu ft 18 24 i8.20 
>150,pOO co ft 15 20 65.00 
a2U,899 Metered Connections, Minimum Bill $ 3.75/3 months 
b47,557 Metered Connections, Minimum Bill $ 6.00/3 months 
Destination C: Industrial water 
These costs are the same as for municipal culinary 
water. (See Cost 8). Use $45/ AF. 
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Destination D: Agricultural water 
These costs are the same as for municipal culinary 
water. (See Cost 8). Use $45/AF. 
Origin 3: Wells 
Destination A: Water treatment plant 
(1) Well data (Salt Lake County Conservancy 
District, 1972). 
Table 4-3. Well data (data from Salt Lake County Con-
servancy District, 1972). 
Casing Pump Total 1972 Water Power Cost Size Depth Capacity Lift Date Drilled in. ft. gpm ft. Pumped, AF $/AF 
1958 16 697 3600 435 540 9.77 
Aug 1960 20 904 3600 485 858 11.57 
Sept 1960 16 690 1700 696 573 15.90 
Dec 1960 20 900 1350 459 85 90.40 
Jul 1960 20 879 1200 452 203 12.00 
Jul 1960 20 806 2250 510 617 13.20 
Aug 1960 20 1007 1000 459 167 16.20 
1954 16 575 800 703 246 15.80 
Mar 1960 16 747 600 309 139 10.10 
Apr 1958 16 747 560 357 83 11. 70 
Jul 1965 20 800 750 466 165 13.60 
Aug 1967 20 904 1800 758 726 17.60 
Averages 18 805 1600 507 366.83 13.92 
Totals 4402 , 166 84 
(2) Well capital costs (Salt Lake City Water 
Department, 1971). 
a) Quantity of water 
Total distribution - 24,966 mil gal (Salt 
Lake City Water Department, 1971, p. 25). 
Percent of total - 6.1 (Salt Lake City 
Water Department, 1971, p. 9) 
1970-71 - 1523 mil gal 
4660 AF 
b) Deep well annual cost (Salt Lake City Water 
Department, 1971, p. 7) 
Original cost 
1971 net value 
Annual cost (CRF -0.06) 
c) Unit cost 
- $617,970.56 
258,553.58 
15,500.00 
$15,400/4660 AF = $3.33/AF 
d) Well cost 
Match data for 12 wells in well data. 
$3.33/ AF x 366.83 AF /well = $1220/well 
(3) Power costs 
See well data - $13.92/AF 
(4) Pump cost - vertical turbine pumps (Dawes, 1970) 
a) Installed cost (See Figure 4-4) 
P.C: = k Qn Hm f = 7.309 Q 0.453 HO.642f 
Where: P.C. = Installed pump cost (I 966 
dollars) 
k = Constant 
Q = Capacity of pump in gpm 
(see Table 4-3) 
n = Slope of regression line at a 
given operating head 
H = Total pumping head in feet 
(see Table 4-3) 
m = Slope of regression line at a 
given pump capacity 
f = ENR construction index ad-
justment factor to June, 1973, 
(see Figure 4-2). 
P.C. = 7.309 (1600)0.453 (507)0.642 1.86 
= $20,934 
Annual cost - 20,934 x 0.08 = $1,675 (20 yr 
Life at 5 percent) 
(5) Operation and maintenance 
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Annual costs: 
Well - 1220 
Pump - 1675 
Power 13.92 
2908.92 
.05 
$ 145.45/yr/pump 
(6) U nit costs 
Based on average well production of 366.83 AF /yr 
or about 20 percent of capacity (Salt Lake County 
Conservancy District, 1972, p. 19). 
a) Capital 
Well $1220/yr/pump - $3.33 
Pump 1675 4.56 
b) Power 13.92 
145.45 
$3054.37 
0.04 
0.40 
$8.33/AF 
Use $9/ AF (Cost 9) 
Destination B: Municipal culinary water 
(1) Chlorination 
a) Required residual (State of Utah, 1955, 
p.39). 
2 ppm, 30 min. 
b) Capital costs determined from data for 
chlorination of sewage effluent @ 8 ppm 
for 14 minutes. (See Figure 4-5). 
c) Average pump,...., 1600 gpm ~ 2.3 mgd 
Use 4.6 mgd data from Figure 4-5. 
4.6 mgd = 14.1 AF/day = 5150 AF/yr 
d) Capital cost = $42,000 
74,500 
@ CRF-0.08 5,950/yr 
1.15/AF 
June 1967 
June 1973 
e) Cost of chlorination of well water @ 2.3 mgd 
Capital cost 
Chemical cost 
(2) Unit costs 
a) Well cost 
b) Chlorination 
c) Distribution 
$1.15 (see Cost 4) 
1.52 (Cost 10) 
$2.67/AF 
- $ 8.33 (see Cost 9) 
2.67 (see Cost 10) 
29.60 (see Cost 2) 
$40.60 Use $41/AF 
0.10 
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Figure 4-5. Cost vs. design capacity for chlorination of 
secondary effluent, adjusted to June, 1967 
(from Smith, 1968, Figure 16). 
Destination C: Industrial water 
(1) Well water 
a) Well cost 
b) Chlorination 
- $ 8.33 (see Cost 9) 
2.67 (see Cost 10) 
(2) Industrial water (Boehm, 1973) 
a) Well charge - 1.68 ¢ /1000 gal 
b) Pumpage and chlorination 
- 2.82 ¢/1000 gal 
$11.00/AF 
$ 5.48 
9.20 
$14.68/AF 
(3) Use the average to adjust for special requirements 
of industry - $12.84/ AF Use $13/ AF 
Destination D: Agricultural water 
(1) Well cost - $8.33/AF 
Use $9/AF 
(see Cost 9) 
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Origin 4: Municipal effluent 
Destination A: Water treatment plant 
This alternative implies that a new plant is being 
built to Class C effluent standards. This effluent is then 
transported to the water treatment plant. 
(1) Sewage collection 
a) The cost of sewage collection is based on Salt 
Lake City using national averages for 1968. 
Since most of the system is existing, the value 
was not adjusted to higher current prices. 
b) National sewer collection costs. (Smith & 
Eilers, 1970, p. 19). 
1) 1968 data 
2) Amortization factor for 50 yr @ 5 percent 
House connections 
Municipal sewers 
Maintenance 
Customer service 
accounting (assume 
50 percent) 
General & administra-
tive (assume 50 
percent) 
- $ 1.38/ capital/yr 
8.64 
0.86 
0.36 
0.69 
- $11.93/ capital/yr 
c) Data for Salt Lake City (Templeton, Linke, 
and Alsup, 1973). 
1) Population (Templeton, Linke, and Alsup, 
1973, p. 5-11) 
a) 174,870(1970) 
2) Waste flows (Templeton, Linke, and Alsup, 
1973, p. 8-3). 
a) Design - 45.0 mgd 
b) Current - 33.4 mgd = 37,300 AF/yr 
d) Sewage collection cost 
1) $11.93/capital/yr x 174,870 = $2,090,000/yr 
2) $ 2,090,000 = $56/ AF (Cost 11) 
$37,300 AF 
(2) Secondary treatment - Class D 
a) Based on 16 mgd = 17,900 AF /yr (see Figure 
4-6) 
b) Capital cost - 4.2 mil (June, 1967) 
7.450 mil (June, 1973) 
CRF-0.09 $595,000/yr 
595,000 
17,900 = $33.20/AF 
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Figure 4-6. Cost vs. design capacity for trickling ftIter 
plants adjusted to June, 1967, (from Smith, 
1968, Figure 7). 
c) O&M 
2.4¢/1000 gal = $ 7.82/AF (June, 1967) 
13.80/ AF (June, 1973) 
d) Summary 
Capital 
O&M 
Capital 
O&M 
June, 1967 
$18.83 
7.82 
$26.55 (Cost 12) 
June, 1973 
$33.20 
13.80 
$47.00/AF 
Use $47/AF (Cost 13) 
(3) Advanced treatment to Class "C" 
a) Coagulation and sedimentation (see Figure 
4-7). 
b) Capital - $ 600,000 (June, 1967) 
1,065,000 (June, 1973) 
CRF-0.08 85,000/yr 
85,000 $474/AF 
17,900 
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c) O&M 
2.8¢ /1000 gal = $0.12/AF 
16.20/AF 
d) Summary 
Capital 
O&M 
(June, 1967) 
(June, 1973) 
$ 4.74 
16.20 
$20.94/AF 
(Cost 14) 
(4) Unit costs (Class C) 
a) Sewage collection 
b) New secondary 
c) Coagulation and 
sedimentation 
Use $124/AF 
$ 56.00 
47.00 
20.94 
$123.94/AF 
(Cost 15) 
Destination B: Municipal culinary water 
Class A water is required for this use. 
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Figure 4-7, Cost vs. design capacity for solids removed by 
coagulation and sedimentation, adjusted to 
June, 1967 (from Smith, 1968, Figure 8). 
(1) Rapid sand filtration - Class B 
a) Based on 16 mgd - 17,900 AF/yr (see Figure 4-8) 
(2) 
b) Capital- $ 580,000 (June, 1967) 
1,028,000 (June, 1973) 
CRF-0.08 82,000/yr 
82,000 
17,000 = $4.57/ AF 
c) O&M 
2.3¢/1000 gal = $ 7.50/AF (June, 1967) 
13.25/ AF (June, 1973) 
d) Unit costs 
Capital 
O&M 
- $ 4.57 
13.25 
$17.82/AF 
(Cost 16) 
Reverse osmosis - Class A (Environmental 
Protection Agency, 1971, p. 11) 
a) Capital 
8.8¢ /1000 gal (1970) 
12.1¢/1000 gal = $39.50/AF (June, 1973) 
b) O&M 
32.8¢ /1 000 gal (1970) 
44.8¢ /1000 gal = $146/ AF (June, 1973) 
10 10.0 100. 
DESIGN CAPACITY, MGD 
Figure 4-8. Cost vs. design capacity for fdtration through 
sand or graded media at 4 gpm/sq-ft, adjusted 
for June, 1967 (from Smith, 1968, Figure 9). 
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(3) 
c) Blending - 33 percent 
Capital 
O&M 
- $ 39.50 
146.00 
Waste water treatment summary 
$185.50 
.33 
$ 61.20/AF 
(Cost 17) 
Unit cost Combined Class 
a) Secondary treatment $47.00/AF $47.00/ AFD 
Capital-$33.20 
O&M -$13.80 (See Cost 13) 
b) Coagulation & 
sedimentation $20.94 
Capital-$ 4.74 (See Cost 14) 
O&M - $16.20 
c) Rapid sand filtration $17.82 
Capital-$ 4.57 (See Cost 16) 
O&M - $13.25 
d) Reverse osmosis 
$67.94 C 
(Cost 18) 
$85.72 B 
(Cost 19) 
(185.50) $61.20 $146.92 A 
33 percent blend capital -$ 39.50 (Cost 20) 
O&M 146.00 (see Cost 17) 
(4) Unit costs 
a) Collection 
b) Treatment 
c) Distribution 
- $ 56.00 
(See Cost 11) 
146.92 
(See Cost 20, Class A) 
30.00 
(See Cost 2) 
$232.92 
Use $232/AF 
Destination C: Industrial water 
(1) Pump age from treatment plant (Boehm, 1973) 
(2) 
a) 4¢/1000 gal = $13.10/AF 
I 
(Cost 21) 
Unit costs 
a) Collection 
b) Treatment 
c) Pumpage 
- $ 56.00 
(See Cost 11) 
85.72 
(See Cost 19, Class B) 
13.10 
$154.82 
Use $155/AF 
Destination D: Agricultural water 
(1) Unit costs 
a) Collection 
b) Treatment 
c) Diversion 
d) Canal 
- $ 56.00 
(See Cost 11) 
67.94 
(See Cost 18, Class C) 
0.71 
(See Cost 6) 
5.23 
(See Cost 7) 
$129.98 
Use $130/AF 
Destination E: Wastewater treatment plant - Class C 
These plants are existing, therefore the reported 
costs for secondary treatment for 1967 were used. 
(1) Unit costs 
a) Collection 
b) Existing secondary 
c) Coagulation and 
sedimentation 
Destination F: Untreated effluent 
- $ 56.00 
(See Cost 11) 
26.55 
(See Cost 12) 
20.94 
(See Cost 14) 
$103.49 
Use $104/AF 
This alternative implies that a new plant must be 
bui1t to meet Class C effluent standards. 
(1) Unit costs 
Same as Cost 15 $124/ AF 
Destination I: Regional wastewater treatment plant 
(1) Based on 120 mgd = 134,400 AF /yr average 
production 
(2) Activated sludge summary - (See Figure 4-9) 
a) Capital 
£RF - 0.08 (Annual) 
b) O&M 
(Annual) 
c) Total 
$22,000,000 
1,760,000 
- 2.6¢ /1000 gal 
1,138,000 
- $ 2,898,800 
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d) Unit cost 
$2,898,800/134,400 AF = $21.57 /AF (1967) 
38.18/ AF (1973) 
(Cost 21) 
(3) Rapid sand filtration - (See Figure 4-8) 
a) Capital $2,000,000 
CRF - 0.08 (Annual) 160,000 
b) O&M - 1.1 ¢ /1 000 gal 
(Annual) 481,000 
c) Total - $ 641,800 
d) Unit cost 
$641,800/134,400 AF = $4.78/AF (1967) 
8.47/AF (1973) 
(Cost 22) 
(4) Unit costs 
a) Collection - $ 56.00 
(See Cost 11) 
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Figure 4-9. Cost vs. design capacity for activated sludge 
plant adjusted to June, 1967 (from Smith, 
1968, Figure 6). 
b) Secondary 
c) Filtration 
Origin 5: Industrial effluent 
38.18 
(See Cost 21) 
8.47 
(See Cost 22) 
$102.65 
Use $103/AF 
Costs are the same as for municipal effluent. 
Origin 6: Wastewater treatment plant 
Effluent is available at Class C standards. 
Destination A: Water treatment plant 
The water is already at Class C, - $O/AF; however, 
Origin 7: Surface water worse than Class C 
Destination A: Water treatment plant 
(1) Treatment to Class C 
An approximate cost was used that fell between 
the use of coagulation-sedimentation and 
filtration. 
(2) Unit costs 
a) Treatment 
b) Pumpage 
- $20.00 (Cost 23) 
7.82 
(See Cost 3) 
$27.82 
Use $28/AF 
a transportation cost will be added. Destination B: Municipal culinary water 
Destination B: Municipal culinary water 
(1) Unit costs 
a) Rapid sand filter 
b) Reverse osmosis (33 
percent) 
c) Distribution 
Destination C: Industrial water 
(1) Unit costs 
- $ 17.82 
(See Cost 16) 
61.20 
(See Cost 17) 
30.00 
(See Cost 2) 
$109.92 
Use 109/AF 
a) Rapid sand filter - $ 17.82 
(See Cost 16, Class B) 
b) Pumpage 13.10 
Destination D: Agricultural water 
(1) Unit costs 
a) Diversion 
b) Canal 
(See Cost 21) 
$ 30.92 
Use $31/ AF 
- $ 0.71 
(See Cost 6) 
5.23 
(See Cost 7) 
$ 5.94 
Use $6/AF 
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(1) Unit costs 
a) Treatment to Class C 
b) New water treatment 
plant 
c) Distribution 
Destination C: Industrial water 
(1) Unit costs 
a) Treatment 
b) Pumpage 
c) Chlorination 
Destination D: Agricultural water 
(1) Unit costs 
a) Diversion 
b) Canal 
- $ 20.00 
(See Cost 23) 
65.40 
(See Cost 1) 
29.60 
(See Cost 2) 
$115.00 
Use $115/AF 
- $ 20.00 
(See Cost 23) 
7.82 
(See Cost 3) 
2.68 
(See Cost 5) 
$ 30.50 
Use $30/AF 
- $ 0.71 
(See Cost 6) 
5.23 
(See Cost 7) 
$ 5.94 
Use $6/AF 
Origin 8: Central Utah Project - Jordan Narrows 
Water Treatment Plant 
Destination B: Municipal culinary water 
( 1) Design flows 
a) 94,000 AF, 270 cfs, 180 mgd 
(to 5900 South, 3600 West) 
b) 94,000 AF, 90 cfs, 180 mgd 
(to 4400 South, 3800 West) 
c) 94,000 AF, 80 cfs, 180 mgd 
(to 2100 South, 4000 West) 
(2) Operation 
a) Closed November to March 
b) Assumed to only supply the western half of 
Salt Lake County. 
(3) Change 
a) Municipalities- $55/AF 
b) Water users - $62-110/ AF Use $65/ AF 
(Cost 24) 
(4) Unit cost 
a) Change 
b) Distribution 
~ 
- $ 55.00 
30.00 
(See Cost 2) 
$ 85.00/AF 
Destination C: Industrial water 
(1) Unit costs 
a) Add transportation cost 
b) Change - $65/AF (See Cost 24) Use $65/AF 
Water and Wastewater Transportation Costs 
Water transmission costs 
A. Base cost 
(1) Equation (Caldwell, Richards, and Sorensen, 1971, 
p.2-37). 
a) C = 0.02] Q-.4649; Q in mgd, C in $/1000 gal 
b) Average cost (between 1 mgd and 10 mgd) 
.021 10 4 49 Average C = -9- -1- Q-. 6 dQ = 1.07-2 
$/1000 gal/mi = $3.44/AC/mi 
c) It is assumed that 1110st water transmission will 
be between 1 and 10 mgd. This value is based 
on a S = 2 ft/l 000 ft downhill, a P = $0.02/ 
Kw-hr, E = 0.92 and C = 120. 
B. Pumping costs 
(1) This cost is to lift the water vertically 100 feet. 
The power used to overcome pipe head losses 
was included in the cost of transmission. 
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Figure 4-10. Water transmission costs (from Caldwell, Richards, and Sorensen, 1971, Figure W-7). 
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(2) See Figure 4-11. 
a) At E = 0.92; 0.35 Kw-hr/l000 gal/100 ft are 
required 
Using a cost of $0.02/kw-hr 
The cost is $0.007/1000 gal/l 00 ft 
This yields $2.28/ AF /100 ft of lift 
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Figure 4-11. Power required to pump 1,000 gal at rate of 
1,000 gal per min at 100-ft head for various 
wire-to-water efficiencies (from Dawes, 
1970, Figure 12). 
C Total water transmission cost 
(1) Cost = 3.44 (miles) + 2.28 (elevation differ-
ence in hundred feet). (Cost 25) 
D. Elevations 
Table 4-4. Elevations of origins and destinations. 
E. Transportation distances 
The centroid of each source of water was deter-
mined for each district. The straight line path distance 
in miles was determined between each possible origin and 
destination. Where path must run in the canyons, this 
path was used. A map of the origins and destinations is 
shown in Figure 4-12 and the distance matrix is shown in 
Figure 4-13. Water classified as worse than Class C was 
taken from the nearest location on the Jordan River. 
Raw sewage transmission costs 
A. Pump station 
(1) Power costs (See Figure 4-14) 
a) Use values at 100 ft lift and 10 mgd. This 
value is at ENR 1300 but power costs are 
fairly constant - increase them by 10 percent. 
b) Unit cost 
$23,000/11169 AF = $2.07/AF 
Cost + 10% = $2.28/AF/I00 ft of lift 
(2) O&M of pump station (See Figure 4-14) 
a) Use 10 mgd and adjust to 1973 
$8,000/1169 AF = $0.72/AF 
1.05/ AF (1973) 
(3) Construction costs (See Figure 4-15) 
a) Use 10 mgd = 11,169 AF 
b) Annual cost - $290,000 x 0.08 = $23,200 
c) Unit cost 
$23,200/11 ,169 AF = $2.08/AF 
3.03/ AF (1973) 
d) Add 20 percent for engineering, etc. 
$3.03 x 1.20 = $3.64/ AF 
Wastewater Water 
or o~ Wells Hunicipal Industrial Agricultural S\.J C Treatment Treatment . 1st roistr~ct Plant Plant 
H2 4340 4340 4340 4390 - 4300 -
Hl 4600 4500 5000 4425 - - -
G 4365 4270 4270 5200 5200 4265 5000 
.F2 4350 4350 4260 4800 5000 4'260 5600 
Fl 4280 4280 4255 4350 - 4240 -
E 4265 4265 4265 5000 5000 4240 6000 
D 4240 4265 4230 4235 - 4240 -
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o 
I , , 
miles 
5 
• Wastewater treatment plant 
o Water treatment plant 
e Municipal center 
• Industrial center 
o Agricultural center 
• Surface water - Class C 
o Wells 
m Central Utah Project water 
Figure 4-12. Subregional divisions of Salt Lake County with activity centroids for water and wastewater reuse. 
(4) Summary pump station 
a) Power costs - $2.27/AF/100 ft of lift 
b) O&M costs - $l.OS/AF 
c) Construction costs - $ 3 .64/ AF 
d) Equation 
Cost = $4.69 + $2.27 (elevation difference in 
hundred feet). 
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B. Gravity trunk sewer 
(1) Size (Water Pollution Control Federation, 1970, 
p.81). 
a) Assume S = 0.002 
N = 0.012 
b) 20 mgd = 22,338 AF /yr - Use 36-inch pipe 
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Figure 4-13. Interdistrict transportation distances (in miles). 
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Figure 4-14. Estimated operation and maintenance costs 
of pump station (from Engineering Science, 
1970). 
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Figure 4-15. Estimated construction cost of pump sta-
tions (from Engineering Science, 1970). 
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(2) Cost (See Figure 4-16) 
a) Use 14-16 ft cut 
b) Cost = $110/LF x 5280 = $580,800 
CRF - 0.06 $ 34,848 
c) Unit cost 
$34,848/22,338 AF = $1.56/AF/mi 
2.28/ AF /mi (1973) 
d) Add 20 percent for engineering and 5 per~ 
cent for maintenance 2.28 + 0.46 + 0.14 
= $2.88/AF/mi 
C. Force mains 
(1) Size (Water Pollution Control Federation, 1970, 
p.81). 
a) Assume S 
N 
= 0.002 
= 0.012 
b) 1 mgd = 117 AF - Use 12 inch 
10 mgd = 11,170 AF - Use 27 inch 
20 mgd = 22,338 AF - Use 36 inch 
c) Use 10mgd 
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Figure 4-16. Estimated construction cost of gravity trunk 
sewer (wet trench) (from Engineering 
Science, 1970). 
(2) Costs (See Figure 4-17) 
a) Cost = $32/LF x 5280 = $168,960 
CRF - 0.06 = $10,137 
b) Unit cost 
$10,137/11,170 AF = $0.92/AF/mi 
1.34/ AF /mi (19?3) 
c) Add 20 percent for engineering and 5 per-
cent for maintenance $1.34 + 0.27 + 0.08 = 
$1.69/AF/mi 
D. Summary 
(1) Use the same cost for sewer pipe as for water 
because Figure 4-16 did not go as low as 10 mgd. 
(2) 'Add $4.69/pump station and assume a maxi-
mum of 400 feet of lift per station. 
(3) Cost = $3.44 (miles) + 2.28 (elevation difference 
in hundred feet) + $4.69 (number of lift stations). 
(Cost 26) 
(4) Cost of transmission to regional wastewater 
treatment plants were calculated for each 
specific flow using the previous figures. 
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Figure 4-17. Estimated construction cost of force main 
(wet trench) (from Engineering Science, 
1970). 
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E. Regional wastewater transmission costs 
Four alternative schemes for handling raw munici-
pal and industrial effluents were used. In Alternative 1, 
the raw sewage was either treated at source and trans-
ported as treated effluent or it was transported to existing 
or expanded wastewater treatment plants. In Alternatives 
2, 3, and 4, the raw sewage was transported to regional 
wastewater treatment plants. The flow chart for Alter-
natives 2, 3, and 4, are shown in Figure 4-21. The costs 
are summarized in Figures 4-18, 4-19, and 4-20. 
Total transmission costs 
The total transmission costs shown in Figure 4-22 
are for Alternative 1, without regional treatment plants. 
The costs were calculated using the water transmission 
cost equation (see Cost 25) and the raw sewage trans-
mission cost equation (see Cost 26) with the data in 
Table 4-4 and Figure 4-13. A similar matrix was made 
for Alternatives 2, 3, and 4, by substitution of the data 
in Figures 4-18, 4-19, or 4-20 into Figure 4-22. 
Total costs 
Summary 
The total water reuse cost was calculated by com-
bining the intradistrict water treatment and reuse costs 
shown in Figure 4-1 with the interdistrict transportation 
costs shown in Figure 4-22. The resulting total cost matrix 
for Alternative 1 is shown in Figure 4-23. A computer 
program, documented in Appendix H, was prepared to 
transform cost and RHS data from the transshipment 
matrix into proper format and punch data input cards 
for the IBM mathematical programming package, MPS/360. 
~ H2 G F2 F1 E Sources TP 1 TP2 TP 1 TP 1 TP2 TP3 TP I TP1 
TP1 999 999 999 999 999 999 999 ~8.32 
H2 TP2 999 999 999 999 999 999 999 13.28 
G TP 1 999 999 999 999 999 999 999 9.08 
TP1 999 999 999 999 999 999 999 6.68 
F2 TP2 999 999 999 999 999 999 999 4.68 
TP3 999 999 999 999 999 999 999 3.12 
Fl TP 1 999 999 999 999 999 999 999 7.68 
E TP1 999 999 999 999 999 999 999 0 
Figure 4-18. Transmission costs for Alternative 2 ($/AF). 
~ H2 G F2 F1 E Sources TP1 TP2 TP1 TP1 TP2 TP3 TP1 TP} ~ H2 G F2 F1 E Sources TP1 TP2 TP1 TP1 TP2 TP3 TP1 TP1 
TP 1 999 999 999 999 13.5' 999 999 999 
H2 TP2 999 999 999 999 8.60 999 999 999 
TP1 999 14.95 999 999 999 999 999 999 
H2 TP2 999 0 999 999 999 999 999 999 
G TP1 999 999 999 999 7.00 999 999 999 G TP} 999 7.20 999 999 999 999 999 999 
TP 1 999 999 999 999 4.40 999 999 999 TP} 999 999 999 999 3.30 999 999 999 
F2 TP2 999 999 999 999 0 999 999 999 F2 TP2 999 999 999 999 0 999 999 999 
TP3 999 999 999 999 5.20 999 999 999 TP3 999 999 999 999 5.20 999 999 999 
F} TP} 999 999 999 999 3.00 999 999 999 FI TP} 999 999 999 999 3.00 999 999 999 
E TP1 999 999 999 999 999 999 999 999 E TP} 999 999 999 999 999 999 999 0 
Figure 4-19. Transmission costs for Alternative 3 ($/AF). Figure 4-20. Transmission costs for Alternative 4 ($/AF). 
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Figure 4-21. Transportation cost for regional wastewater treatment. 
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CHAPTER 5 
MODEL OPERATION: RESULTS AND APPLICATION 
Introduction 
Solutions to the linear programming model indicate 
how water allocations in a study area respond to the 
growing demand for water. A composite picture of water 
requirements for municipal, industrial, agricultural and 
waterfowl area, aggregated for the entire study area, 
obtained from Chapter 3, is shown in Figure 5-1. 
Projected municipal water use is seen to increase signif-
icantly in the future, while industrial use experiences a 
slight increase. Over the same period agricultural water 
requirements are expected to decline as more agricultural 
land is converted to urban use. Figure 5-2 shows the 
aggregate for municipal, industrial, agricultural, and water-
fowl requirements compared with the available primary 
supply including planned imports but excluding further 
development of groundwater. The figure clearly shows the 
large excess of demand over available supplies, a deficit 
which illustrates the need for careful planning and 
management of water reuse in the allocation of water 
resources. 
Investigation of Water Reuse 
System Alternatives 
With the flexibility of the reuse model and the 
operations research techniques used in conjunction with 
linear programming, a number of investigations can be 
performed to evaluate water reuse system alternatives. 
Such investigations are accomplished through appropriate 
changes in one or more of the three basic model 
components: (l) The right-hand-side values of the con-
straint equations, (2) the cost coefficients of the objective 
function, and (3) the coefficients of variables in the 
constraint equations which describe the structural rela-
tionships of the problem. As an aid in manipulating 
components of the model, techniques of sensitivity 
analysis and parametric programming are available. 
Any study of system alternatives seeks to answer 
the question: What is the optimal allocation pattern with 
a .given set of conditions for operating the system? 
Contained within this question are considerations as to: 
Which supplies should be developed for reuse? In what 
amounts? At which points in time? 
Two general topics susceptible to system evaluation 
are as follows. 
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Optimal system configuration 
An examination of optimal system configurations 
basically requires attention to allocation patterns. For 
example, the prime interest may be in defining allocations 
for present diversion requirements and predicting likely 
changes in this pattern as demands increase to projected 
future levels, assuming that the primary water supply 
cannot be expanded. Using the model, these objectives 
can be accomplished by simply substituting the projected 
demand requirements for the current values. The model 
can also be used to predict results if supplementary water 
supplies are imported. The supplementary sources could 
be added to the system matrix as row vectors with a 
constraint of less than or equal to the available supple-
mentary supply. 
Evaluation of treatment facilities 
When various types of treatment facilities including 
conventional, tertiary, desalting, and blending operations 
are to be analyzed, emphasis generally centers on optimal 
allocations, locations, and capacities for various plants. 
When investigating potential design capacities and the 
timing of construction of possible treatment operations, 
the treatment and blending operations can be entered as 
constraints greater than, or equal to zero. This allows 
treatment operations to be brought in at any level 
consistent with the minimum cost allocation. Alterna-
tively, present or proposed treatment facilities of specified 
design capacities can be evaluated using constraints less 
than or equal to those capacities. 
These general areas are explored through operations 
analysis of optimal solutions for the "transportation 
model" of the Lower Jordan River Basin system. The 
optimizing objective in the model is to minimize the cost 
of water supply and wastewater treatment under various 
assumptions for operating the system. Several different 
types of analysis are discussed in the following paragraphs. 
The results reveal when water and wastewater treatment 
plants reach capacities and what should be done in order 
to expand the facilities available to the system. The 
solutions can provide decision makers with information as 
to when investments are necessary and at what points in 
time in order to optimally meet expected requirements. 
Information outputs of the model would indicate trends 
in allocation of the important water supply sources, and 
particularly the role of water salvage and reuse in meeting 
tit 
~ 
Waterfowl Requirement 
200 
Industrial .----~--.---~ 
100 
1973 1980 1990 2000 2010 
Figure 5-1. Projected water demands for the study area. 
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Figure 5-2. Disparity between aggregate water requirements and supply 
for the study area projected for future years. 
overall system supply requirements while meeting estab-
lished water quality standards. 
Optimal System Configuration 
The initial model runs were aimed at achieving a 
bas~line set of optimal water allocations for the system as 
it presently exists, and then observing the changes in 
allocation configurations under the increased water re-
quirements projected for the target planning years of 
1975, 1980, 1985, 2000, and 2020. The basic assump-
tions for these benchmark runs were: (1) That present 
sources of primary water supply would continue at the 
present levels of availability (implying that no new 
groundwater development will take place) and that 
Central Utah Project water is available in the planned 
amounts in the scheduled years for delivery, (2) that 
water treatment plants could be utilized up to their 
maximum capacity, and (3) that wastewater treatment 
plants will be used up to their capacity and then excess 
wastewater that is not recycled is allocated to an 
"untreated effluent" vector as an indicator of additional 
required wastewater treatment capacity. To test sensiti-
vity and range of efficacy of optimal solutions for each 
year, the model was parameterized for incrementing the 
water demand requirements to high and low values and 
new optimal solutions were obtained. Comparison of the 
solutions obtained points up areas where allocations may 
be particularly' sensitive to projection and the range of 
demands over which a solution can be considered valid. 
The full set of optimal solutions for the target years 
for the average, high, and low projections are given in the 
figures of Appendix G. The following discussions sum-
marize the key features of these optimal solutions from 
the standpoint of the water supply sources. 
Surface water and water treatment plants 
The water treatment plants in the basin presently 
have the capacity to meet the demand for water over the 
projected demand period for the study. Results obtained 
through the model imply a schedule of flows through the 
treatment plants as shown in Table 5-1. The present 
maximum capacity of water treatment plants in the Salt 
Lake County area is about 210,000 acre-feet per year. 
Even in year 2020, the average flow required for 
municipal use is only 168,300 acre-feet. The treatment 
plants appear to have ample capacity to meet peak 
demands under existing and projected conditions. 
Groundwater 
The peak withdrawal from wells in 1968-69 was 
125,000 acre-feet. This has declined over the last few 
years to an annual average of 46,000 acre-feet. The 
agricultural sector receives only negligible water at present 
and the results indicate that it is not profitable to allocate 
any groundwater for agricultural purposes. Also, the 
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model shows a shift to more usage of this water in the 
municipal sector and away from industrial usage over 
time. This is shown in Table 5-2, where each of the 
estimates (high, low, and average) the sum of the 
municipal and industrial use for each year is constrained 
to equal 46,000 acre-feet. 
Reusable sources 
The reusable point sources which can be easily 
captured are the municipal effluents and the industrial 
effluents. It is assumed that these effluents are treated to 
meet Class C standards, after which these can be further 
treated to meet the various quality requirements for 
domestic, industrial, and agricultural uses and subse-
quently diverted. There are two types of reuse possible, 
viz., recycled reuse and sequential reuse. 
The results show that the industrial sector does not 
draw directly upon reusable water sources. The municipal 
sector, on the other hand, makes extensive recycled reuse. 
As already pOinted out, as requirements increase, the raw 
water sources-surface and groundwater-already at full 
use cannot meet the expanding requirements. Optimal 
allocations include recycled water for municipal use. 
Table 5-3 depicts how the recycled reuse increases over 
time. The results obtained from the model imply the need 
to expand the wastewater treatment plants in order to 
upgrade the reusable source for municipal water treatment 
plants. 
In terms of sequential reuse, the model allocates 
municipal effluents for agricultural purposes, in part to 
satisfy the net agricultural requirement. The quantities 
diverted are shown in Table 5-4. Part of the water is 
discharged from the wastewater treatment plants. The rest 
(quantities shown in brackets) are directly put into 
agricultural use through a hypothetical wastewater treat-
ment facility and land disposal options. This implies that 
attention must be focused on development of sewage 
treatment facilities or land disposal methods in agriculture 
as a means of handling these effluents. Further discussion 
of this aspect is deferred until a later section. A careful 
examination of the numbers in Table 5-4 indicates a 
fluctuation in quantities over time. Though "alternative 
optima" would account for some of these oscillations, 
other good reasons are also partly accountable for this, 
including the rate of increase in municipal effluents 
consequent to the increase in municipal requirements, the 
decline in agricultural requirements, the increase in 
recycled reuse in the municipal sector and the capacity 
constraint on the wastewater treatment facilities. An 
important fact to be noted here is that the change is only 
in the usage of the reusable source and not in the amount 
of water to be handled by the treatment options. 
Import water 
The model has been structured to allow for water 
import into the basin. Two import sources, the Salt Lake 
Aqueduct and Kennecott Pipeline have long been in use at 
a relatively constant annual flow. However, water from 
the Jordan Aqueduct of the Central Utah Project is a 
variable and is incorporated in such a way that the water 
will be used by the system when necessary as part of the 
minimum cost solution. The results show no usage of the 
Central Utah Project water until about the year 2000. 
Table 5-1. Water treatment plants (maximum capacity 
209,700 acre-feet/year). 
Year Average Flows 
1973 96,800 
1975 107,800 
1980 125,000 
1985 136,200 
2000 160,700 
2020 168,300 
Table 5-2. Groundwater withdrawal patterns. 
Year High 
This is because the project has a high unit cost even as 
compared to the recycled water, since the cost of water is 
not only the cost at which it can be obtained, but also the 
cost at which it must be disposed of after usage. From the 
cost matrix (Figure 4-22) it can be seen that the cost of 
Central Utah Project water for municipal use is $85 and 
the cost of treating the municipal effluent is $124, giving 
a total of $209. Whereas, the municipal effluent in Area 
H2 can be recycled via the Little Cottonwood treatment 
plant for a cost of $198. Table 5-5 shows the use of 
Central Utah Project water for three different estimates 
about the requirements for various years. 
Wastewater Treatment and Management 
With increasing demands on limited water supplies 
in a region, wastewater treatment operations become a 
key link in upgrading effluents for reuse as additional 
sources of water supply. A related important dimension of 
surface water management is the maintenance of specified 
stream water quality standards. 
In meeting these problems of region-wide compre-
hensive water management, numerous alternatives for the 
phasing of sewage treatment plants to increase capacity as 
well as those to upgrade effluent quality must be analyzed 
and integrated into a regional strategy which provides 
adequate treatment and reuse at a minimum total cost. 
Middle Low 
Municipal Use 
1973 
1975 
1980 
1985 
2000 
2020 
24,900 
25,400 
40,500 
46,000 
46,000 
19,900 
21,400 
21,800 
25,400 
46,000 
46,000 
Industrial Use 
1973 
1975 
1980 
1985 
2000 
2020· 
21, 100 
20,600 
5,500 
0 
0 
26,100 
24,600 
24,200 
20,600 
o 
o 
Agricultural sector does not receive any well water. 
aSum for municipal plus industrial cannot exceed total 
46,600 for groundwater withdrawal. 
bHigh, middle, low refer to the 
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21,200 
24,500 
24,800 
25,200 
34,200 
24,800 
21,500 
21,200 
20,800 
11,800 
Table 5-3. Recycled reuse, municipal effluent to municipal use. 
Year High Middle Low 
1973 0 0 0 
1975 0 0 0 
1980 2,700 0 0 
1985 4,700 2, 120 0 
2000 18,900 15,320 0 
2020 55,600 22,900 7,600 
Table 5-4. Sequential reuse municipal and industrial effluents to agriculture. 
Year High Middle Low 
1973 9,400 
1975 14,900 (1,500)~:~ 7,000 13,300 (1,200) 
1980 17,000 (3, 600) 5,900 (1,400) 14, 200 (1,400) 
1985 17, 900 (2, 100) 5,180 (680) 14,800 (1,500) 
2000 16,300 (2,900) 4, 700 (4, 700) 27, 000 (5, 200) 
2020 29,600 (22,200) 14, 800 (1, 400) 2,100 (2,100) 
~:~Direct disposal via land disposal. 
Table 5-5. Central Utah Project. 
Year High Middle Low 
1973 0 0 0 
1975 0 0 0 
1980 0 0 0 
1985 0 0 0 
2000 40,000 0 0 
2020 70,000 56,100 0 
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These complex regional wastewater management 
problems are being addressed by a growing literature in 
the applications of systems optimization techniques in 
water resources and water quality management planning. 
Drobney (1971) summarizes the application of linear 
programming in water quality management and waste-
water treatment systems including work by Anderson and 
Day (1968), ·Johnson (1967), Lynn (1964), Revelle et al. 
(1968), and Thomann (1965). Drobney's review indicates 
that the majority of the literature focuses on minimizing 
waste treatment costs for a finite number of outfalls in a 
region while meeting a specified standard of water quality, 
usually BOD. Deininger and Su (1973) present several 
examples of types of problems encountered in planning 
regional wastewater treatment systems. A solution pro-
cedure was developed wherein the concave cost functions 
for conveyance and treatment were transformed to a 
related linear programming problem in order to derive a 
minimum cost solution. The problem of capacity expan-
sion was also handled within the same solution algorithm. 
Converse (1972) uses a dynamic programming approach 
to determine the optimum number and location of plants 
from a set of specified locations situated linearly along a 
river. The problem structure illustrates the tradeoff 
between numbers of plants and the extent of trunk sewer 
lines required. The author notes that the approach does 
not consider existing wastewater treatment plants nor 
capacity expansion to meet future loading. Each of the 
formulations incorporates different facets of wastewater 
management problems to various degrees, including meet-
ing specified stream quality or discharge standards, effi-
cient use of the assimilative capacity of streams, 
determination of the number, location, and size of 
treatment plants, future capacity expansion of plants, and 
layout of collection and conveyance networks. 
This research takes a broader view of regional water 
quality planning by considering wastewater treatment 
requirements within the context of the overall regional 
water supply and requirements, and the possibility of 
reusing treated effluents to meet system demands. For 
example, one option that has received considerable 
attention recently is the reuse of secondary treated 
effluents on agricultural lands to supply irrigation water 
needs while at the same time the plant-soil matrix serves 
as a tertiary treatment process. 
More specifically for the case examples, given the 
capabilities of the municipal waste treatment plants 
currently in operation, a broatl set of options are 
considered. The range of possible alternatives include 
expanding and improving existing facilities, constructing 
additional facilities, and phasing-out old facilities and 
replacing them with larger regional plants, as well as other 
options for wastewater management such as recycling and 
reuse in certain sectors and land disposal applications 
using effluents for irrigation water. 
Reference to the solution for the basic case for 
middle projections provides a picture of the problem of 
wastewater treatment for water quality and water reuse 
consideration in the case study area. In these solutions 
wastewater effluents in excess of existing treatment plant 
capacities could be allocated to a destination designated as 
untreated effluents if it were not reused elsewhere in the 
system. The cost assigned, if this allocation were made, 
was consistent with that required to maintain Class C 
standards overall. Table 5-6 shows the excess quantity of 
wastewater generated by each subarea for the target years, 
for which the wastewater treatment facilities available in 
the system are not adequate. 
Table 5-6. Wastewater in excess of existing treatment plant capacities for case study. 
Areas 
Year G D 
1973 80900 
1975 81700 
1980 1400 81900 
1985 680 82100 
2000 7300 4700 82600 
2020 14500 22300 1400 84800 
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In the study, four alternatives of wastewater 
handling schemes were examined for the case study area. 
Alternative 1 allows for the expansion of existing plants 
to meet wastewater loading requirements. This alternative 
is analyzed as part of the basic case solutions presented in 
Appendix G. Alternative 2 is the operation of one regional 
plant near Salt Lake City in Area E. Alternative 3 is to 
have two operating plants, one in Area E and the other in 
Area F 2. Alternative 4 is to have three plants, one each in 
Areas H2 , F 2 , and E. 
F or these the costs and systems const rain ts are 
formulated and the model is operated for the range of 
projections for future water requirements and wastewater 
loadings. The results present the least cost solutions for 
time scheduling and location of treatment plants including 
when to phase-out which plants, when and where to bring 
new regional plants into operation, and where to reuse 
effluents to satisfy future water needs. The complete set 
of solution matrices for the alternatives for the target 
years is presented in Appendix H. 
The changes from one optimal solution to the next 
indicate the reallocations that take place, the phasing-in of 
various plants, and the required size of water treatment 
facilities. A summary of plant capacity staging for target 
year projections for the four alternative wastewater 
management schemes is shown in Table 5-7. Schematic 
representations of the disposition of wastewater to treat-
ment plants and to recycle use, and the discharge from 
treatment plants, for each alternative for the year 2020 
are shown in Figures 5-1 through 54. The diagrams 
effectively identify the areas served by the various 
alternative regional plants, and the particular cases where 
water is recycled for reuse. 
Comparison of costs for the minimum cost solutions 
reveals the relative efficiency of the four alternatives. The 
total system costs, including both water supply and 
wastewater dispositions, is given in Table 5-8. As the table 
shows there is relatively little difference in minimum cost 
allocation for the highly decentralized treatment plants 
under Alternative 1 versus the single regional plant of 
Table 5-7. Plant capacity and staging under alternative wastewater management schemes. 
SUB-AREAS 
Alternative/yr. H2 G F1 F2 E D 
Plants 1 2 3 1 2 1 2 1 2 3 1 1 
Present capacity 4500 3900 Excess-a 5600 Excess 7800 Excess 9000 17,900 5100 50.400 1500 
Alternate no. 1 
1973 4500 1000 5600 6200 3600 4700 5100 34800 1500 
1980 4500 3900 1400-b 5600 7800 8000 14200 5100 40100 1600 
2000 4500 3900 7300-b 5600 4700-c 7800 9000 17900 5100 44300 2300 
2020 14500 3900 14500-b 5600 22,300 7800 1400 9000 17900 5100 50400 4500 
Alternate no. 2 
1973 66100 
1980 81800 
2000 112400 
2020 145400 
Alternate no. 3 
1973 30700 35600 
1980 45900 38700 
2000 70500 41900 
2020 99900 45500 
Alternate no. 4 
1973 14400 " 16300 35000 
1980 22200 22800 35000 
2000 38200 32300 39600 
2020 57700 42200 42500 
a. Excess connotes required expansion of existing plants. 
b. Recycled to Little Cottonwood Water Treatment Plant for reuse in municipal supply. 
c. Recycled for irrigation in Area G. 
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Figure 5-3. Reuse pattern for expansion of existing wastewater treatment plants (Alternative I). 
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Figure 5-4. Reuse pattern for a single regional wastewater treatment plant (Alternative 2). 
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Figure 5-5. Reuse pattern for two regional wastewater treatment plants (Alternative 3). 
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Figure 5-6. Reuse pattern for three regional wastewater treatment plants (Alternative 4). 
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Alternative 2, but the regional plant is somewhat more 
costly. 
Since the possibility exists that some of the effect 
of regionalization might be hidden by looking at total 
system costs, the wastewater cost components were 
broken out separately. A plot of these costs for the 2020 
planning hori~on for three of the alternatives is shown in 
Figure 5-7. 
Here, the cost difference is more pronounced with 
the expansion of present plants or three regional plants 
appearing more favorable in contrast to a single regional 
plant by about one million dollars annually, while 
Alternatives 1 and 4 had almost the same least cost. In 
light of Table 5-6, Alternative 4 appears preferable 
because the excess water is generated in areas H2 and G. 
Also, economics of scale could be expected to reduce the 
total cost of alternatives further below the cost for 
Alternative 1. 
Overall this preliminary analysis generally shows 
that the expected economies of scale with resulting lower 
costs for the large centralized single treatment plants are 
offset by increased costs for collection and conveyance to 
the extent that a decentralized three-regional plant system 
is more efficient. 
Summary 
The preceding discussion of model results are 
primarily intended to illustrate the kinds of analysis and 
the form of solutions that can be obtained. The model 
formulation and the results described represent the first 
phase of a two-phase research effort aimed at developing 
and demonstrating the usefulness of the basic 
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Figure 5-7. Minimum costs for wastewater treatment 
alternatives. 
Table 5-8. Total system annual cost under four alternative treatment configurations. 
Present 1980 2000 2020 
1. Expand present 28,147, 600 31,310,860 38,992,700 48,060,940 
plants 
2. Single regional 28,537,900 31,832,060 39,524,140 48,514,740 
plants in E 
3. Two regional 28,727,000 31,446,660 39,029,440 47,846,840 
plants F and E 
4. Three regional 28,195,700 31,301, 660 38,788,900 47,451,440 
plants H, F 
and E 
aLeast cost alternative is underlined. 
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transportation-transshipment model from linear program-
ming as a basis for evaluating water reuse alternatives in 
water resources planning. As such, the model results and 
applications are preliminary and illustrative, and should 
not be regarded as a basis for planning decision for the 
case study area. 
. The model is being developed as a tool for planners 
and water resource managers. It provides a format for the 
systematic assemblage of data. As required data are 
collected, "holes" in knowledge about the system come to 
light and the systematic modeling approach helps to 
answer such fundamental questions as: 
1. 
2. 
What additional information must be gathered 
from the field in order to provide sufficient 
input data to adequately characterize a study 
area? 
To what extent does a particular degree of 
ignorance about one characteristic adversely 
affect the reality of the overall model? 
3. Are errors in knowledge on the conservative 
side or do they tend to make the model 
responses less critical than might be expected 
in the prototype? What is the confidence 
interval associated with the model responses? 
Important questions such as these may be overlooked if 
rigorous data collection and analysis techniques are not 
employed. 
Table 5-9. Problems and future research directions. 
Problem 
1. Use of average annual flows 
2. Seasonality of some of demands for use or recycled 
water, particularly in agriculture 
3. Effect of peak loading on treatment plants hence, 
possibility for hydraulic and biological overloading 
4. Linear model for treatment and collection costs does 
not account for economies of scale 
5. Optimal timing of investment treated in capacity ex-
pansion not adequately since costs are constant over 
the periods where demand is allowed to increase 
6 .. Sensitivity of constancy assumptions (e.g., groundwater) 
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The model also provides a means of reducing large 
masses of data into comprehensible responses. Based on 
criteria which are input by the manager, many possible 
alternatives can be eliminated and only a few alternatives 
which best fit the criteria are retained for further analysis. 
The model is not intended to provide all the answers, but 
if applied correctly will produce responses which form the 
basis of judgments for rational water resource utilization. 
Model responses must be tempered according to our 
estimation of the "goodness of fit" between model and 
prototype, the current social-political atmosphere, and the 
likelihood of implementation. 
In the first-phase model development a number of 
simplifying assumptions were made in order to obtain a 
testable working model. The problems related to these 
assumptions point to some of the research approaches 
that will be considered in the second phase. These are 
identified in Table 5-9. 
In summary, the results described and the analyses 
of the first-phase research demonstrate that the modeling 
approach does have value as a tool for examining water 
reuse alternatives in a total system context. The approach 
should be particularly useful in avoiding planning fixa-
tions on anyone source of supply or planning dichot-
omies in water supply and wastewater treatment. Thus, 
the use of model offers a variety of techniques for 
assessment of water reuse as part of an interwoven system 
of competing uses. 
Approach 
Use of stochastic streamflow inputs and water availabilities 
Use of 2 or 4 period model accounting for seasonal 
variation 
Analyze system for critical period, evaluate consequences 
of overloads 
Use of separable programming approach on non-linear 
cost functions 
Interface with dynamic programming models for optimal 
investment timing incorporating discounting of future 
capital operation and maintenance costs 
Parametric analyses to determine changes in model results 
by increasing or decreasing these constants. 
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D 
High 12,986 
Middle 11,790 
Low 10,655 
Diversion 3, 117 
Consum.ptive use 1, 102 
Groundwater 472 Q'\ 
-....J inflow 
Surfa c e return 1,543 
flow 
Diversion 2,830 
Consum.ptive use 1,000 
Groundwater 429 inflow 
Surface return 1,401 flow 
Diversion 2,557 
Consum.ptive use 904 
Groundwater 387 inflow 
Surface return 1, 266 flow 
E 
229,520 
208,389 
188,313 
APPENDIX A. 
Summary of Water Disposition 
in the Municipal Sector 
F1 F2 
Population for Year 1975 
66,591 117,780 
60,460 106,937 
54,636 96,634 
Municipal Water for Year 1975 
High 
55,085 15,982 28,267 
19,472 5,650 9,992 
8,345 2,421 4,282 
27,267 7,911 13,992 
Average 
50,013 14,510 25,665 
17,680 5, 129 9,073 
7,577 2, 198 3,888 
24,757 7, 183 12,704 
Low 
45,195 13,113 23,192 
15,976 4,635 8, 198 
6,847 1,987 3,514 
22,372 6,491 11,480 
G HI H2 
105,096 19,328 41,978 
95,420 17,549 38,113 
86,228 15,858 34,441 
25,223 4,639 10,075 
8,916 1,640 3,561 
3,821 703 1,526 
12,485 2,296 4,987 
22,901 4,212 9, 147 
8,095 1,489 3,234 
3,469 638 1,386 
11,336 2,085 4,528 
20,695 3,806 8,266 
7,316 1,345 2,922 
3, 135 577 I, 252 
10,244 1,884 4,092 
Appendix A. (Contipued). 
D E Fl F2 G HI H2 
Population for Year 1980 
High 15,050 248,500 79,800 136,500 128,100 30,450 61,600 
Middle 13, 156 217,225 69,757 119,321 111,978 26,618 53,847 
Low 11,374 187,809 60,311 103,163 96, 814 23,013 46, 556 
Municipal Water for Year 1980 
High 
Diversion 3,612 59,640 19,152 32,760 30,744 7,308 14,784 
0\ 
Consum.ptive use 1,277 21,083 6, 770 11,581 10,868 2,583 5,226 
00 Groundwater 
inflow 547 9,035 2,902 4,963 4,658 1, 107 2,240 
Surface return 1,788 29,522 9,480 16,216 15,218 3,617 7,318 flow 
Average 
Diversion 3, 157 52, 134 16,742 28,637 26,875 6,388 12,923 
Consum.ptive use 1, 116 18,429 5,918 10,123 9,500 2,258 4,568 
Groundwater 478 7,898 2,536 4,339 4,072 968 1, 958 inflow 
Surface return 1, 563 25,806 8,287 14, 175 13,303 3, 162 6,397 flow 
Low 
Diversion 2,730 45,074 14,475 24,759 23,235 5,523 11,173 
Consum.ptive use 965 15,934 5, 117 8,752 8,214 1,952 3,950 
Groundwater 414 6,829 2, 193 3,751 3,520 837 1,693 inflow 
Surfac e return 1,351 22,312 7, 165 12,256 11,502 2,734 5,531 flow 
Appendix A. (Continued). 
D E Fl F2 G HI H2 
Population for Year 1985 
High 17,468 273,930 91,707 152,448 150,066 36,524 72,254 
Middle 14,810 232,253 77,754 129,254 127,234 30,967 61,261 
Low 12,328 193,323 64,721 107,588 105,907 25,776 50,992 
Milllicipal Water for Year 1985 
High 
Diversion 4,192 65,743 22,010 36,588 36,016 8,766 17,341 
ConsUInptive use 1,482 23,240 7,780 12,934 12,732 3,099 6, 130 
Groundwater 635 9,960 3,334 5,543 5,456 1,328 2,627 inflow 
Surface return 2,075 32,543 10,895 18, III 17,828 4,339 8,584 
0'\ flow 
\0 
Average 
Diversion 3,554 55,741 18,661 31,021 30,536 7,432 14,703 
Consumptive use 1,257 19,704 6,597 10,966 10,795 2,627 5, 197 
Groundwater 539 8,445 2,827 4,700 4,626 1, 126 2,227 inflow 
Surface return 1,759 27,592 9,237 15,355 15,115 3,679 7,278 flow 
Low 
Diversion 2,959 46,397 15,533 25,821 25,418 6, 186 12,238 
Consumptive use 1,046 16,402 5,491 9, 128 8,985 2, 187 4,326 
Groundwater 448 7,029 2,353 3,912 3,851 937 1, 854 inflow 
Surface return 1,465 22,967 7,689 12,781 12,582 3,062 6,058 flow 
Appendix A. (Continued). 
D E Fl F2 G HI H2 
Population for -Year 2000 
High 22,946 307,685 127,246 198,170 229,460 49,543 107,951 
Middle 18,971 254,379 105,201 163,837 189,706 40,959 89,248 
Low 14, 287 191,570 79,226 123,384 142,866 30,846 67,212 
Municipal Water for Year 2000 
High 
Diversion 5,507 73,844 30,539 47,561 55,070 11,890 25,908 
Consumptive use 1,947 26, 104 10,796 16,813 19,467 4,203 9, 159 
Groundwater 834 11, 187 4,627 7,205 8,343 1, 801 3,925 inflow 
-l Surface return 2,726 36,553 15,117 23,543 27,260 5,886 12,825 0 flow 
Average 
Diversion 4,553 61,051 25,248 39,321 45,530 9,830 21,420 
Consum.ptive use 1,609 21,582 8,925 13,900 16,095 3,475 7,572 
Groundwater 690 9,249 3,825 5,957 6,898 1,489 3,245 inflow 
Surfac e return 2,254 30,220 12,498 19,464 22,537 4,866 10,603 flow 
Low 
Diversion 3,429 45,977 19,014 29,612 34,288 7,403 16,131 
C onsumpti ve us e 1,212 16,253 6,722 10,468 12,121 2,617 5,702 
Groundwater 519 6,965 2,881 4,486 5, 195 1, 122 2,444 inflow 
Surface return I, 697 22,759 9,412 14, 658 16, 972 3,665 7,985 flow 
Appendix A. (Continued). 
D E Fl F2 G HI H2 
Population for Year 2020 
High 31,613 330,175 179,138 259,925 365,300 67,440 171,410 
Middle 25,344 264 , 704 143,616 208,384 292 , 864 54 , 067 137,421 
Low 1,755 18,330 9,945 14,430 20 , 280 3,744 9,516 
Municipal Water for Year 2020 
High 
Diversion 7,587 79,242 42,993 62 , 382 87 1 672 16, 186 41,138 
C onsum.pti ve us e 2,682 28,012 15,198 22,052 30,992 5,722 14,542 
Groundwater I, 149 12,005 6,513 9,451 13,282 2,452 6,232 '-..I inflow 
Surface return 3,756 39,225 21,282 30,879 43,398 8,012 20,364 flow 
Average 
Diversion 6,083 63,529 34,468 50,012 70,287 12,976 32,981 
Consumptive use 2, 150 22,457 12, 184 17,679 24,847 4,587 11, 659 
Groundwater 922 9,625 5,222 7,577 10,649 1,966 4,997 inflow 
- Surface return 3,011 31,447 17, 062 24 , 756 34,792 6,423 16,326 flow 
Low 
Diversion 4,210 43,990 23,870 34,630 48,670 8,990 22,840 
Consum.ptive use 1,490 15,550 8,440 12,240 17,210 3, 180 8,070 
Gr ound wa te r 640 6,660 3,620 5,250 7,370 1, 360 3,460 inflow 
Surface return 2,080 21,780 11,810 17, 140 24,090 4,450 11,310 flow 
APPENDIX B. 
Agricultural Water Projections and Deposition 
D E Fl F2 G HI H2 
Agricultural Land for Year 1975 
High 4,216 800 11,191 1,550 7,223 25,296 11,780 
Middle 3,771 715 10,009 1, 386 6,460 22,624 10,536 
Low2 3,325 631 8,826 1,223 5,697 19,951 9,291 
Agricultural Water for Year 1975 
High 
Diversion 16,864 3, 199 44,764 6,200 28,892 101, 184 47,120 
Consum.ptive use 7,800 1,480 20,703 2,868 13,363 46,798 21,793 
Groundwater 7,504 1,424 19,920 2,759 12,857 45,027 20,968 
-...I inflow N 
Surfac e return 1, 560 296 4, 141 574 2,673 9,360 4,359 flow 
Average 
Diversion 15,082 2,861 40,035 5,545 25,840 90,494 42, 142 
Consumptive use 6,976 1,323 18,516 2,565 11,951 41,854 19,491 
Groundwater 6,712 1,273 17,816 2,468 11, 499 40,270 18,753 inflow 
Surface return 1,395 265 3,703 513 2,390 8,371 3,898 flow 
Low 
Diversion 13, 301 2,523 35,306 4,890 22,787 79,805 37,164 
Consumptive use 6, 152 1, 167 16,329 2,262 10,539 36,910 17, 188 
Groundwater 5,919 1, 123 15,711 2, 176 10, 140 35,513 16,538 inflow 
Surface return 1,230 flow 233 3,266 452 2, 108 7,382 3,438 
Appendix B. (Continued). 
D E Fl F2 G HI H2 
Agricultural Land for Year 1980 
High 3,942 631 10,366 1,226 6,249 24,586 11,242 
Middle 3,493 559 9, 186 1,087 5,537 21,787 9,962 
Low 3,044 487 8,005 947 4,826 18,987 8,682 
Agrlcultural Water for Year 1980 
High 
Diversion 15,768 2,523 41,464 4,906 24,995 98,346 44,968 
Consum.ptive use 7,293 1, 167 19, 177 2,269 11,560 45,485 20,798 
Groundwater 7,017 1, 123 18,451 2, 183 11,123 43,764 20,011 inflow 
'-l Surface return 1,459 233 3,835 454 2,312 9,097 4, 160 w 
flow 
Average 
Diversion 13,973 2,236 36,743 4,347 22, 149 87,147 39,848 
Consum.ptive use 6,462 1,032 16,993 2,010 10,244 40,305 18,429 
Groundwater 6,218 995 16,350 1,934 9,856 38,780 17,732 
inflow 
Surface return 1,292 207 3,399 402 2,049 8,061 3,686 
flow 
Low 
Diversion 12, 177 1,948 32,021 3,788 19,303 75,948 34,727 
Consum.ptive use 5,632 901 14,810 1,752 8,928 35, 126 16,061 
Groundwater 5,419 867 14,249 1,686 8,590 33,797 15,454 
inflow 
Surface return 1, 126 180 2,962 
flow 
350 1,786 7,025 3,212 
Appendix B. (Contipued). 
D E Fl F2 G HI H2 
Agricultural Land for Year 1985 
High 3,953 641 10,542 1,054 6,020 25,877 11, 681 
Middle 3,363 545 8,967 897 5, 120 22,010 9,935 
Low 2,772 449 7,392 739 4,221 18, 144 8, 190 
Agricultural Water for Year 1985 
High 
Diversion 14,494 2,350 38,650 3,865 22,070 94,867 42,822 
ConsUIIlptive use 6,703 1,087 17,876 1,788 10,207 43,875 19,805 
Groundwater 6,450 1,045 17,200 1, 719 9,821 42,215 19,055 .... inflow ~ 
Surface return 1, 341 217 3,575 357 2,041 8,775 3,961 flow 
Average 
Diversion 13,451 2, 181 35,869 3,587 20,482 88,042 39,741 
Co~sUIIlptive use 6, 221 1,009 16, 589 1, 659 9,473 40,719 18, 380 
Groundwater 5,986 970 15,962 1,596 9, 114 39, 1 79 17, 685 inflow 
Surface return 1,244 202 3,318 flow 332 1,895 8, 144 3,676 
Low 
Diversion 11,088 1 ~ 79-8 29,568 2,957 16,884 72,576 32,760 
ConsUIIlptive use 5, 128 831 13,675 1,368 7,809 33,566 15, 151 
Groundwater 4,934 800 13, 158 1, 316 7,513 32,296 14,578 inflow 
Surface return 1,026 166 2,735 274 1,562 6,713 3,030 flow 
Appendix B. (Continued). 
D E Fl F2 G HI H2 
Agricultural Land for Year 2000 
High 2,902 474 7,531 177 3,544 20,777 8,904 
MiddLe 2,613 427 6,783 160 3, 192 18,713 8,020 
Low 2,325 380 6,035 142 2,840 16,649 7, 135 
Agricultural Water for Year 2000 
High 
Diversion 11, 607 1,896 30,124 709 14,176 83,107 35,617 
ConsUID.ptive use 5,368 877 13,932 328 6,556 38,437 16,473 
Groundwater 5, 165 inflow 844 13,405 315 6,308 36,983 15,850 
Surface return 1,074 175 2,786 66 1, 311 7,687 3,295 ""-I 
VI flow 
Average 
Diversion 10,454 1, 708 27, 132 638 12,768 74,852 32,080 
ConsUID.ptive use 4,835 790 12,549 295 5,905 34,619 14,837 
Groundwater 4,652 inflow 760 
12,074 284 5, 682 33,309 14,275 
Surface return 967 158 2,510 59 1, 181 6,924 2,967 flow 
Low 
Diversion 9,301 1,519 24, 140 568 11,360 66,598 28,542 
C onsurnpti ve us e 4,302 703 11, 165 263 5,254 30,802 13,201 
Groundwater 4, 139 676 10,742 253 5,055 29,636 12,701 inflow 
Surface return 860 141 2,233 53 1,051 6, 160 2,640 flow 
Appendix B. (Contipued). 
D E Fl F2 G HI H2 
Agricultural Land for Year 2020 
High 1,935 321 4,950 0 1,500 15,720 6, 120 
Middle 1, 858 308 4,752 0 1,440 15,091 5,875 
Low 1,780 295 4,554 0 1,380 14,462 5,630 
Agricultural Water for Year 2020 
High 
Diversion 7,740 1,284 19,800 0 6,000 62,880 24,480 
Consurn.ptive use 3,580 594 9,158 0 2,775 29,082 11,322 
-....I Groundwater 3,444 571 8, 811 0 2,670 27,982 10,894 0\ inflow 
Surface return 716 119 1, 832 0 555 5,816 2,264 flow 
Average 
Diversion 7,430 1,233 19,008 0 5,760 60,365 23,501 
ConsulTIptive use 3,437 570 8,791 0 2,664 27,919 10,869 
Groundwater 3,307 549 8,459 0 2,563 26,862 10,458 inflow 
Surface return 687 114 1, 758 0 533 5,584 2, 174 flow 
Low 
Diversion 7, 121 I, 181 18,216 0 5,520 57,850 22,522 
Consurn.ptive use 3,293 546 8,425 0 2,553 26,755 10,416 
Groundwater 3, 169 526 8, 106 0 2,456 25,743 10,022 inflow 
Surface return 659 109 I, 685 0 511 5,351 2,083 flow 
APPENDIX C. 
Jordan River Reaches-
High, Low, and Average Gains 
1975 1980 1985 2000 2020 
High 
Irrigation Return Flow 
Irr. Requirements 248,000 233,600 219,600 177,200 120,000 
Return Flow 47,120 44,384 41,724 33,668 22,800 
N - 9400 19,900 18,700 17,600 14,200 9,600 
9400 - 5800 10,400 9,800 9,200 7,400 5,000 
5800 - 2100 16,800 15,800 14,900 12,000 8, 100 
2100 - Cudahy 
High 
Groundwater Inflow 
Total G W Inflow 353,029 350,124 347,388 337,792 326,456 
Inflow to JR 141,212 140,050 138,955 135,117 130,582 
N - 9400 25,900 25,700 25,500 24,800 24,000 
9400 - 5800 61,500 61,000 60,500 58,800 56,800 
5800 - 2100 53,800 53,400 52,900 51,500 49,800 
2100 - Cudahy 1,000 1,000 1,000 1,000 1, 000 
High 
Str earn Inflow 
N - 9400 14, 600 14,600 14,600 14,600 14,600 
9400 - 5800 7,200 7,200 7,200 7,200 7,200 
5800 - 2100 16,200 16,200 16,200 16,200 16,200 
2100 - Cudahy 22,000 22,000 22,000 22,000 22,000 
High 
Net Gains 
N - 9400 60,400 59,000 57,700 53,600 48,200 
9400 - 5800 79,100 78,000 76,900 73,600 69,000 
5800 - 2100 86,800 85,400 84,000 79,700 74,100 
2100 - Cudahy 23,000 23,000 23,000 23,000 23,000 
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1975 1980 1985 2000 2020 
Average 
Agricultural Return Flow 
Irr. Requirements 221,800 207,000 203,800 159,600 115,200 
Return Flow 42, 100 39,300 38,700 30,300 21,800 
N - 9400 17,800 16,600 16,300 12,800 9,200 
9400 - 5800 9,300 8,700 8,600 6,700 4,800 
5800 - 2100 15,000 14,000 13,700 10,700 7,800 
2100 - Cudahy 
Average 
Groundwater Inflow 
Total GW Inflow 339,376 335,114 335,982 323,389 314,156 
Inflow to JR 135,750 134,046 134,393 129,356 125,662 
N - 9400 24,900 24,600 24,700 23,800 23,000 
9400 - 5800 59, 100 58,400 58,500 56,300 54,700 
5800 - 2100 51,700 51, 100 51,200 49,300 47,900 
2100 - Cudahy 1,000 1,000 1,000 1,000 1,000 
Average 
Str eam Inflow 
N - 9400 14,600 14,600 14,600 14,600 14,600 
9400 - 5800 7,200 7,200 7,200 7,200 7,200 
5800 - 2100 16,200 16,200 16,200 16,200 16,200 
2100 - Cudahy 22,000 22,000 22,000 22,000 22,000 
Average 
Net Gains 
N" - 9400 57,300 55,800 55,600 51,200 46,800 
9400 - 5800 75,600 74,300 74,300 70,200 66,700 
5800 - 2100 82,900 81,300 81,100 76,200 71,900 
2100 - Cudahy 24,200 24,200 24,200 24,200 24,200 
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1975 1980 1985 2000 2020 
Low 
Irrigation Return Flow 
Irr. Requirements 195,,600 180,400 168,000 142,000 110,,400 
Return Flow 37,164 34,276 31,920 26,980 20,976 
N - 9400 15,700 14,500 13,500 11,400 8,900 
9400 - 5800 8,200 7,600 7, 100 6,000 4,600 
5800 - 2100 13,200 12,200 11,400 9, 600 7,500 
2100 - Cudahy 
Low 
Groundwater Inflow 
Total GW Inflow 324,567 320,299 315,979 307,814 299,382 
Inflow' to JR 129,826 128,120 126,391 123, 126 119,753 
N - 9400 23,800 23,500 23,200 22,600 22,000 
9400 - 5800 56,500 55,800 55,000 53,600 52, 100 
5800 - 2100 49,500 48,800 48,200 46,900 45,600 
2100 - Cudahy 1,000 1,000 1,000 1,000 1,000 
Low 
Stream Inflow 
N - 9400 14,600 14,600 14,600 14,600 14,600 
9400 - 5800 7,200 7,200 7,200 7,200 7,200 
5800 - 2100 16,200 16,200 16,200 16,200 16,200 
2100 - Cudahy 22,,000 22,000 22,000 22,000 22,,000 
Low 
Net Gains 
N - 9400 54,,100 52,,600 51,300 48,600 45,500 
9400 - 5800 71,,900 70,600 69,300 66,800 63,,900 
5800 - 2100 78,900 77,200 75,800 72,700 69,300 
2100 - Cudahy 23,,000 23,,000 23,,000 23,000 23,,000 
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APPENDIXD. 
Summary of Water Availabilities 
Sources 
1972 
Central Utah Project 
Red Butte, Emigration, Parley's and 
City Creek 
Big Cottonwood and Mill Creek 
Li ttle Cottonwood 
Salt Lake City Aqueduct 
Jordan River @ Narrows 
{
Wells 
HZ Municipal Effluent 
Industrial Effluent 
Utah Lake Distributing Canal 
Provo Res ervoir Canal 
{
Wells 
HI Municipal Effluent 
Industrial Effluent 
Jordan River Inflow N - 9400S 
{
Wells 
G Municipal Effluent 
Industrial Effluent 
Jordan River Inflow 9400-58008 
{
Wells 
F 1 Municipal Effluent 
Industrial Effluent 
{
Wells 
F Z Municipal Effluent 
Industrial Effluent 
Jbrdan River Inflow 5800-21008 
{
Wells 
E Municipal Effluent 
Industrial Effluent 
80 
Quantities 
in ac-ft 
o 
39,200 
63,400 
49, 100 
14,500 
206,300 
1,900 
4,000 
200 
25,600 
28,800 
1,300 
1,300 
o 
57,800 
8,300 
8,900 
o 
73,700 
4,600 
6,200 
o 
2, 100 
9,800 
300 
74, ZOO 
3,600 
27,000 
8,000 
Appendix D. (Continued). 
Sources 
1972 Continued 
Kennecott Pipeline 
{
Wells 
D Municipal Effluent 
Industrial Effluent 
Jordan River Inflow 2100S-Cudahy 
Waterfowl Area Outflow 
81 
Quantities 
in ac-ft 
9,500 
24,200 
600 
81,800 
23,400 
166,200 
APPENDIXE. 
Summary of Water Requirements 
Diversions 
1972 
{ Municipal Requirement 
H2 Industrial Requirell1ent 
Agricultural Requirell1ent 
{ Municipal Requirement 
HI Industrial Requirell1ent 
Agricultural Requirell1ent 
{ Municipal Requirement 
G Industrial Requirell1ent 
Agricultural Requirell1ent 
{ Municipal Requirement 
Fl Industrial Requirell1ent 
Agricultural Requirell1ent 
{ Municipal Requirement 
F2 Industrial Requirell1ent 
Agricultural Requirell1ent 
{ Municipal Requirement 
E Industrial Requirell1ent 
. Agricultural Requirell1ent 
{ Municipal Requirement 
D Industrial Requirell1ent 
Agricultural Requirell1ent 
Waterfowl Area Dell1and 
82 
Quantities 
in ac -ft 
7,900 
5,800 
50,90Q 
2,600 
4,200 
108,300 
18,000 
0 
37,200 
12,500 
0 
51, 100 
19,800 
400 
7,900 
54,600 
10, 200 
3,000 
1,300 
106,900 
16,000 
205,200 
Appendix E. (Continued). 
Diversions High Middle Low 
1975 
{ Municipal RequireITlent 10, 100 9,100 8,300 
H2 Industrial Requirement 5,800 5,800 5,800 
Agricultural Requirement 47,100 42, 100 37,200 
{ Municipal RequireITlent 4,600 4,200 3,800 
HI Industrial Requirement 4,200 4,200 4,200 
Agricultural Requirement 101,200 90,500 79,800 
{ Municipal RequireITlent 25,200 22,900 20,700 
G Industrial Requirement 0 0 0 
Agricultural Requirement 28,900 25,800 22,800 
{ Municipal RequireITlent 16,000 14,500 13, 100 
Fl Industrial Requirement 0 0 0 
.Agricultural Requirement 44,800 40,000 35,300 
{Municipal RequireITlent 28,300 25,700 23,200 
F2 Industrial Requirement 400 400 400 
Agricultural Requirement 6, 200 5,500 4,900 
{ Municipal RequireITlent 55,100 50,000 45,200 
E Industrial Requirement 10,200 10,200 10,200 
Agricultural Requ~rement 3,200 2,900 2,500 
{ Municipal RequireITlent 3, 100 2,800 2,600 
D Industrial Requirement 110,700 110,700 110,700 
Agricultural Requirement 16, 900 15, 100 13,300 
Waterfowl Area Demand 205,200 205,200 205,200 
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Diversions High Middle Low 
1980 
{ Municipal Requirerrlent 14,800 12,900 11,200 
H2 Industrial Requirement 5,800 5,800 5,800 
Agricultural Requirement 45,000 39,800 34,700 
{ Municipal Requirerrlent 7,300 6,400 5,500 
HI Industrial Requirement 4,200 4,200 4,200 
Agricultural Requirement 98,300 87, 100 76,000 
{ Municipal Requirerrlent 30,700 26,900 23,200 
G Industrial Requirement 0 0 0 
Agricultural Requirement 25,000 22, 100 19,300 
{ Municipal Requirerrlent 19,200 16,700 14,500 
Fl Industrial Requirement 0 0 0 
Agricultural Requirement 41,500 36,700 32,000 
{ Municipal Requirerrlent 32,800 28,600 24,800 
F2 Industrial Requirement 400 400 400 
Agricultural Requirement 4,900 4,300 3,800 
{ Municipal Requirerrlent 59,600 52, 100 45,100 
E Industrial Requirement 10,900 10,900 10,900 
Agricultural Requ,irement 2,500 2,200 2,000 
{ Municipal Requirerrlent 3,600 3,200 2,700 
D Industrial Requirement 110,700 110,700 110,700 
Agricultural Requirement 15, 800 14,000 12,200 
Waterfowl Area Demand 205,200 205,200 205,200 
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Diversions High Middle Low 
1985 
{Municipal Requirement 17,300 14,700 12,200 
H2 Industrial RequrieITlent 5,800 5,800 5,800 
Agricultural RequireITlent 42,800 39,700 32,8qO 
{ Municipal Requirement 8,800 7,400 6,200 
HI Industrial RequireITlent 4,200 4,200 4,200 
Agricultural RequireITlent 94,900 88,000 72,600 
{ Municipal Requirement 36,000 30,500 25,400 
G Industrial RequireITlent 0 0 0 
Agricultural RequireITlent 22,000 20,500 16,900 
{Municipal Requirement 22,000 18,700 15,500 
F1 Industrial RequireITlent 0 0 0 
Agricultural RequireITlent 38,600 35,900 29,600 
{Municipal Requirement 36,600 31,000 25, 800 
F2 Industrial RequireITlent 400 400 400 
Agricultural RequireITlent 3,900 3, 600 3,000 
{ Municipal Requirement 65,700 55,700 46,400 
E Industrial RequireITlent 11,300 11,300 11,300 
Agricultural RequireITlent 2,400 2,200 1,800 
{ Municipal Requirement 4,200 3,600 3,000 
D Industrial RequireITlent 110,700 110,700 110,700 
Agricultural RequireITlent 14,500 13,500 11, 100 
Waterfowl Area DeITland 205,200 205,200 205,200 
85 
Appendix E. (Continued). 
Diversions High Middle Low 
2000 
{ Municipal Requirement 25,900 21,400 16, 100 
H2 Industrial Requirement 5,800 5,800 5,800 
Agricultural Requirement 35,600 32,100 28,500 
{ Municipal Requirement 11,900 9,800 7,400 
HI Industrial Requirement 4,200 4,200 4,200 
Agricultural Requirement 83, 100 74,900 66,600 
{ Municipal Requirement 55,100 45,500 34,300 
G Industrial Requirement 0 0 0 
Agricultural Requirement 14,200 12,800 11,400 
{ Municipal Requirement 30,500 25,200 19,000 
F1 Industrial Requirement 0 0 0 
Agricultural Requirement 30, 100 27, 100 24,100 
{ Municipal Requirement 47,600 39,200 29,600 
F2 Industrial Requirement 400 400 400 
Agricultural Requirement 700 600 600 
{ Municipal Requirement 73,800 61, 100 46,000 
E Industrial Requirement 12,000 12,000 12,000 
Agricultural Requirement 1,900 1,700 1,500 
{Municipal Requirement 5,500 4,600 3,400 
D Industrial Requirement 110,700 110,700 110,700 
Agricultural RequireITlent 11, 600 10,500 9,300 
Waterfowl Area DeITland 205,200 205,200 205,200 
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Diversions High Middle Low 
2020 
{ Municipal Requirel1lent 41, 100 33,000 22,800 
H2 Industrial RequireITlent 5,800 5,800 5,800 
Agricultural R equir eITlent 24,500 23,500 22,500 
{ Municipal Requirel1lent 16,200 13,000 9,000 
Hl Industrial RequireITlent 4,200 4,200 4,200 
Agricultural RequireITlent 62,900 60,400 57,900 
{ Municipal Requirel1lent 87,700 70,300 48,700 
G Industrial RequireITlent 0 0 0 
Agricultural RequireITlent 6,000 5,800 5,500 
{ Municipal Requirel1lent 43,000 34,500 23,900 
Fl Industrial RequireITlent 0 0 0 
Agricultural RequireITlent 19,800 19,000 18,200 
{ Municipal Requirel1lent 62,400 50,000 34,600 
F2 Industrial RequireITlent 400 400 400 
Agricultural RequireITlent 0 0 0 
{ Municipal Requirel1lent 79,200 63,500 44,000 
E Industrial RequireITlent 14,200 14,200 14,200 
Agricultural RequireITlent 1,300 1,200 1,200 
{ Municipal Requirel1lent 7,600 6, 100 4,200 
D Industrial RequireITlent 110,700 110,700 110,700 
Agricultural RequireITlent 7,700 7,400 7, 100 
Waterfowl Area DeITland 205,200 205,200 205,200 
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APPENDIXF. 
Water Supply and Demand Requirements 
for Study Area 
Sources High Middle Low 
1975 
Central Utah Project 3,000 3,000 3,000 
Red Butte, Ernigra tion, Parley's 39,200 39,200 39,200 
and City Creek 
Big Cottonwood and Mill Creek 63,400 63,400 63,400 
Little Cottonwood 49,100 49,100 49,100 
Salt Lake City Aqueduct 14,500 14,500 14,500 
Jordan River @ Narrows 206,300 206,300 206,300 
{ Wells 1, 900 1,900 1,900 
H2 Municipal Effluent 5,000 4,500 4,000 
Industrial Effluent 200 200 200 
Utah Lake Distributing Canal .25,600 25, 600 25,600 
Provo Res ervoir Canal 34,000 34,000 34,000 
{ Wells 1, 300 1,300 1,300 
HI Municipal Effluent 2,300 2, 100 1,900 
Industrial Effluent 0 0 0 
Jordan River Inflow N-9400S 52,900 50,500 48,000 
{ Wells 8,300 8,300 8,300 
G Municipal Effluent 12,500 11,300 10,200 
Industrial Effluent 0 0 0 
Jordan River Inflow 9400-5800S 66,600 64,300 61,700 
{ Wells 4,600 4,600 4,600 
Fl Municipal Effluent 7,900 7, 100 6,500 
Industrial Effluent 0 0 0 
{ Wells 2, 100 2, 100 2, 100 
F2 Municipal Effluent 14,000 12,700 11,500 
Industrial Effluent 300 300 300 
Jordan River Inflow 5800-2l00S 64, 600 63, 100 60,600 
{ Wells 3,600 3,600 3,600 
E Municipal Effluent 27,300 24,800 22,400 
Industrial Effluent 8,200 8,200 8,200 
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Appendix F. (Continued). 
Sources High Middle Low 
1975 Continued 
Kennecott Pipeline 9,500 9,500 9,500 
{ Wells 24,200 24,200 24,200 
D Municipal Effluent 1,500 1,400 1,200 
Industrial Effluent 81,800 81,800 81,800 
Jordan River Inflow 2100S-Cudahy 24,200 24,200 24,200 
Waterfowl Area Outflow 166,200 166,200 166,200 
I 
1980 
Central Utah Project a 36,500 a 
Red Butte, EITligration, Parley's 
a 39,200 a 
and City Creek 
Big Cottonwlld and Mill Creek a 63,400 a 
Little Cottonwood a 49,100 a 
Salt Lake City Aqueduct a 14,500 a 
Jordan River @ Narrows a 206,300 a 
{ Wells a 1,900 a 
H2 Municipal Effluent 7,300 6,400 5,500 
Indus trial Effluent a 200 a 
Utah Lake Distributing Canal a 25,600 a 
Provo Reservoir Canal a 40,000 a 
{ Wells a 1,300 a 
H 1 Municipal Effluent 3,600 3,200 2,700 
Industrial Effluent a 0 a 
Jordan River Inflow N-9400S 47,900 46,000 44, 100 
{ Wells a 8,300 a 
G Municipal Effluent 15,200 13,300 11,500 
Industrial Effluent a 0 a 
Jordan River Inflow 9400-5800S 62,800 ~1,000 59, 100 
I 
{ Wells a 4,600 a 
F 1 Municipal Effluent 9,500 8,300 7,200 
Industrial Effluent a 0 a 
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Appendix F. (Continued). 
Sources High Middle Low 
1980 Continued 
{ Wells a 2, 100 a 
F2 Municipal Effluent 16,200 14,200 12,300 
Industrial Effluent a 300 a 
Jordan River Inflow 5800-2100S 59,400 58,500 57,500 
{ Wells a 3,600 a 
E Municipal Effluent 29,500 25,800 22,300 
Industrial Effluent a 8,500 a 
Kennecott Pipeline a 9,500 a 
{ Wells a 24,200 a 
D Municipal Effluent 3,600 1, 600 1,400 
Industrial Effluent a 81,800 a 
Jordan River Inflow 2100S-Cudahy a 24,200 a 
Waterfowl Area Outflow a 166,200 a 
1985 
Central Utah Project a 70,000 a 
Red Butte, Emigration, Parley's 
a 39,200 a 
and City Creek 
Big Cottonwood and Mill Creek a 63,400 a 
Li ttle Cottonwood a 49, 100 a 
Salt Lake City Aqueduct a 15,400 a 
Jordan River @ Narrows a Z06,300 a 
{wellS a 1,900 a 
HZ Municipal Effluent 8,600 7,300 6,100 
Industrial Effluent a ZOO a 
Utah Lake Distributing Canal a 25,600 a 
Provo Reservoir Canal a 45,500 a 
. {wellS a I, 300 a 
HI Municipal Effluent 4,300 3,700 3, 100 
Industrial Effluent a 0 a 
Jordan River Inflow N-9400S 44,600 44,400 4Z,000 
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Appendix F. (Continued). 
Sources High Middle Low 
1985 Continued 
{ Wells a 8,300 a 
G Municipal Effluent 17,800 15, 100 12,600 
Industrial Effluent a 0 a 
Jordan River Inflow 9400-5800S 59,200 59,200 56, 700 
{ Wells a 4,600 a 
F Municipal Effluent 10,900 9,200 7,700 
1 Indus trial Effluent a 0 a 
{ Wells a 2, 100 a 
F 2 Municipal Effluent 18, 100 15,400 12,800 
Industrial Effluent a 300 a 
Jordan River Inflow 5800-2100S 54,700 56, 500 55,100 
{ Wells a 3,600 a 
E Municipal Effluent 32,500 27,600 23,000 
'Industrial Effluent a 8,800 a 
Kennecott Pipeline a 9,500 a 
{ Wells a 24,200 a 
D Municipal Effluent 2, 100 1,800 1,500 
Industrial Effluent a 81,800 a 
Jordan River Inflow 2100S-Cudahy a 24,200 a 
Waterfowl Area Outflow a 166,200 a 
2000 
Central Utah Project a 70,000 a 
Red Butte, EITligration, Parley1s 
a 39,200 a 
and City Creek 
Big Cottonwood and Mill Creek a 63,400 a 
Little Cottonwood a 49, 100 a 
Salt Lake City Aqueduct a 15,400 a 
Jordan River @ Narrows a 206,300 a 
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Appendix F. (Continued). 
Sources High Middle Low 
2000 Continued 
{ Wells a 1,900 a 
H Municipal Effluent 12,800 10,600 8,000 
2 Industrial Effluent a 200 a 
Utah Lake Distributing Canal a 25,600 a 
Provo Reservoir Canal a 52,500 a 
{ Wells a 1, 300 a 
H 1 Municipal Effluent 5,900 4,900 3,700 
Industrial Effluent a 0 a 
Jordan River Inflow N - 94005 24,700 35,500 36,800 
{ Wells a 8,300 a 
G Municipal Effluent 27,300 22,500 17,000 
Industrial Effluent a 0 a 
Jordan River Inflow 9400-58005 46,100 47,700 49,800 
{ Wells a 4,600 a 
F Municipal Effluent 15, 100 12,500 9,400 
1 Industrial Effluent a 0 a 
{ Wells a 2, 100 a 
F 2 Municipal Effluent 23,500 19,500 14,700 
Industrial Effluent a 300 a 
Jordan River Inflow 5800-21005 40,700 44,000 48,300 
{ Wells a 3,600 a 
E Municipal Effluent 36,600 30,200 22,800 
Industrial Effluent a 9,400 a 
Kennecott Pipeline a 9,500 a 
{ Wells a 26;200 a 
D Municipal Effluent 2,700 2,300 1,700 
Industrial Effluent a 81,800 a 
Jordan River Inflow 2100S-Cudahy a 24,200 a 
Waterfowl Area Outflow a 166,200 a 
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Appendix F. (Continued). 
Sources High Middle Low 
2020 
Central Utah Project a 70,000 a 
Red Butte, Em.igration, Parley's 
a 39,200 a 
and City Creek 
Big Cottonwood and Mill Creek a 63,400 a 
Little Cottonwood a 49, 100 a 
Salt Lake City Aqueduct a 15,400 a 
Jordan River @ Narrows a 206,300 a 
( Wells a 1,900 a 
H2 Municipal Effluent 20,400 16,300 11,300 
Industrial Effluent a 200 a 
Utah Lake Distributing Canal a 25,600 a 
Provo Reservoir Canal a 62,000 a 
( Wells a 1,300 a 
H 1 Municipal Effluent 8,000 6,400 4,500 
Industrial Effluent a 0 a 
Jordan River Inflow N - 94005 19,600 24,000 29,500 
( Wells a 8,300 a 
G Municipal Effluent 43,400 34,800 24,000 
Industrial Effluent a 0 a 
Jordan River Inflow 9400-58005 25,600 31,600 39,800 
(Wells a 4,600 a 
F 1 Municipal Effluent 21,300 17,100 11,800 
Industrial Effluent a 0 a 
( Wells a 2, 100 a 
F 2 Municipal Effluent 30,900 24,800 17, 100 
Industrial Effluent a 300 a 
Jordan River Inflow 5800-21005 21,600 29,800 40, 100 
( Wells a 3,600 a 
E Municipal Effluent 39,200 31,400 21,800 
Industrial Effluent a 11, 100 a 
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Appendix F. (Continued). 
Sources High Middle Low 
2020 Continued 
Kennecott Pipeline a 9,500 a 
{ Wells a 24,200 a 
D Municipal Effluent 3,800 3,000 2, 100 
Industrial Effluent a 81, 800 a 
Jordan River Inflow 2100S-Cudahy a 24,200 a 
Waterfowl Area Outflow a 166,200 a 
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~~ WTP -c-,,~]8C'Lc SOURC(S M I 
CENTR.UT. PROJECT 
------_._- _._-
RO, E, pac CREEK ,Q, ,.', 
r--------- /.-
BC Ii M CREEK 7')0 
-
LC CREEK ,I~ 
SLC AQUrDUCl l.t':i 
C 
MO 
BC 
LC 79 
JR NARROWS )'1 
WELLS 19 
M 
N 
r. I 
TPI 
TP2 
UTAH LAKE OIST. C 
PROVO RES. CANAL 
WELLS 
r M 
I 
JR N. TO 9400 SO. 
WELLS 
M 
(.!) 
r 
TP, 
JR 94-560050. 
WELLS 
M 
I 
N TP I lI.. 
TP2 
TP.,3 
WELLS 
M 
LL J 
TP I 
JR 5800 -2100 SO. 
WELLS 
M 
w 
I 
TP, 
KENNECOTT PIPE 
WELLS 
M 
0 
I 
TP1 
JR 2100 so. CUDD'l 
WF OUTFLOW 
lIT EFF OUTFLOW 
X C-- C c!J 0- OJ ~ ~ IS- t!' I"- ..... N -.;t 
H? 
A 
APPENDIX H. 
Optimal System Allocations for 
Wastewater Treatment Alternatives 
Alternative 2 -- One Regional Plant (E) 
HI G .~(':-- .-- Fr 
-=- MTIl f\ M-l "flr', TP, Tr~ M I f\ TP1 M 1 f\ r ';' Tf)IT~'I 
E 
M I /I. Tf~ M 
_. 
-
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-
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~~b 
I, 
I? 
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--+--- J - . 89 -- t-- -t ---I-- I 
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4b 
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9B 
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-
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-
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-
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-
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t!' 0 - r<" 
-
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-
] 11 
D 
I A l~ WF- ~lT RHS 
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----._----
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--
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14'7 
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bq 
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-
._-
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0 
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~'O8 7,)7 
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.3 
0 
0 
0 
2 \ 
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,Ie 110" 2. 
--
0 
0- 0 -.c a N ~lX ~ -SI If' 0 - 0 - <:-oJ 
Appendix H, (Continued), 
~TINATjONS WTP H2 HI G f2 FI _.-_[ 0 
I SOUHC[~ 7 ~8-C-"T-LC+--M-T--I r-'=--A'-Tf-:----" T:,:-:~..j-M-.-l---'--,-----(\+-M-.--I-A n~ M I A [fFfl'flT~; M r A t~ M r A- i~ M I A T~ RHS 
CEN"~-Ul.:.!_)I_~_J_E_CT_ -Ur-- ___ +-+-___1-+-+--I.-+__+--+-_+_-I--+---~_+_-+_-_+__+- ___ ---l--4--+_--1'--- - _ -- --4-l---+_-I-----4.__t-.l--4----~ 
RB,E,PflCCREEK 191 'lC11 10')12 '92. 
:~=~_C-~~c-8--=-:_M=f~-:_C---~_R=:_:=_:=K_C=T~~~+~~:~H~ (_l~(+:--:_:_N-~:':=~:~~~~::~~~~~~~~:~-~~--~.~~~~=::=~::::=:::=~:_~~_~_:~-_~~-+--L~--4-~~~~-~~~~~I-~~~-~-+--+-4-~-~~I--~-~--1i 
I---.----__tf---~+---+--+--__+--I-----+-_+-+--+___+--I__+_-+-_f--- ,---1---- ~I-- 1---- - --I--~-+_-+----J--- .---+-f----I----~ 
MD I"~ 70 
J---------I--+--+--I-~-+--+__+_-+_-+__t-+___+__+_-_t---I- ----+-+--+----1 - f-- . -4-l----I---+--+-- ---I-_+--If-------l J----~--~-----t--!----+----+---+I-I -4--+-~---.-~-,-.: +-----I---+-\-'?~,.---+ -- - Z~f~+--l--~-1-- f- -- ";:;. -- --- ?! I--l--~-l----I----+- 1 ~~~ '.~ 
I-J .... R_N_'_lf_~R_O_\_·I_S_+--+--+_I--+--+-'i_f'+-3_'):4--+i _~._ .. ' .!~;! i.' 'I -i-' -+-----1I_,-+-_+-jl.-;-_t_ :"S ;,41 {"·-·~-1I·--II-+-·+"";2:"';O-b--l? 
WELLS I') I I I 1 I I \q ~-----=----=--+--+-- -I-.-+---If__+-+--+-+-f__-i----+-+_-+--+-- I- -+--t-----+--_+_ -J.- --'---+---t -+--+--+ - --- - - -----,1--1----4--1-· -I-_f---If--+------I 
M bd b4 ~~====I=======:=~==~=~=~~=:=~==:=-~---:=~==:=~:=:=:=-~f---I_--=:=~~-+~--~+--+.---+-I--_4t----1~----~~---_+----4-~.~~---·-1-·~z~~~~~:~:=~==~=:=~~====:2 
T P I ___ . r-I _ 1-_1_ . ____ ~__+___1f__l__+---t--- _-4_+-+-_----.:0=---J 
TP7 0 
UTAH LAK._E_-_D_15_T_.C~-+~--+--+-~-+--~+-4---I--+--~+-4--+~f__+--I-~--+----~_4-~-+--+--~-~-+~--l--+--t--~_-I--+--I ___ O=~ 
PROVO RC'5. CANAL I.CJC 400 
~ __ W __ E_L_LS ____ +-+---I-_.+-~~~ __ +-4-~_I?-+~ __ +_4--+_-+ __ ~4-~-+~ __ ·+ __ ~~-+ __ I __ ~-~~-~r-+-+--r-+--+~I--+-~----l}~ 
M? '72 
J: ~-----+-+---I--+~f__+--+--+_4.-~+--I--+-_4-f__-+--+--I-+-_+_-+-- t--,i-+-+-+-+ ._- -__I-1---+--+--+--+--+-+-~__+--~ 
I 0 
J R N. TO 940050. 1')9 , ?5 1 4wO 
~--~f---4--+- i-~4---I--+---+---,--+--+--+--~B~;~ 
1 I~~ 1;7 
WELLS ~--:":"::"'::":""-+--t---+--+--II----j '~f---+-----I-__I ---4---I---t-I---+---+-----+--I---+-----I-~ -1--- t--
M 
(!) J-------+--+_4----+--II--+__-+-~~--+-__+-j-+___I-_+ 
1 a 
o 
.J R 94-5800 S0. i "10 ~IO 1-~----------~-+-+--t__+_4-~~--+-+__I_-+--t__+_+-_+_-+_~_+_4__1t__+-~~_+_+--t__~_+~--t__+_4_~_+--r_+_-t--+----~ 
WELLS 4b I 4b l--------+--4-----I--+-jl--_!____-4-_+--+--II---j-- -1--1-- -- --I- - -- --j-+--+--+--III--I--+--+-+--f--+--+---It-+--+--+__+-~+--+----.:-=--r 
M \.1,2 142. 
I I ~ 3 
TP:,\ • 0 
WELLS 21 2.1 
_~ ___ M ______ +-+-+---I--+-+-+ __ ~+--4_4_--I--4_-+-+-----,~--t_-I---I--+-+-+~~I--_+--+--1_-+-+_'rB_~-I--I---I-_t--4--1~+--+-___ B~7 
~ I 0 
~--~-----+-+---I--+--~+--+--+~--~-+---I--+--I--I---+--+--f__+--+--I-_+-~+-+--+-~f--+-'4-~-+-4-~+-~--1--+-+-----/ 
TP , 0 
JR 5800-2100 SO. I')':i 4,0 78'7 
WELLS )6)" 
TP, 1 770 770 
KENNEcon PIPE 9') 95 
WELLS }Z 210 '242. 
JR2100~O.-CUDO,! "42 241. 
-----+---+----+-l---4---+----I---I.-+_-l--l- -~-I--+-+-~ -·I---f-----,f--+-+-- f-- -1.-+-+---+-+---1.-+--+---+--+---11---4 ,- 'V 1 f, <02 
W F OUTFL~ ___ f- --+--+---f__+--+--+--I-~+---I--+- -+---+----+-_j --+-r--+--+' _ _ I-f-- ---l--+----+--I--4-I--+_-1-_f--I-~ ~,y,.,--t-----~ 
UT ErF OUTFLOW 0 
19£)0 
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Appendix H. (Continued). 
~~INATIONS WTr H.-, HI G F FI E 
~OURC[S~ c~:i ~ Cl£: Ii r-1 ~-- i:P; iT~ M I A M I A TP - -- 1.--', f'ITf $P -Mfr-- ff-' -- -T-A-r.:;T=~-t--M--'-----
0 
~~~: :7:;~: ,~, ;~, ______ :' ,M I ~, ~;I~'_~ _A _~ _.~+I ___ +--+--+-+-'-'I--+--,+--j---If-!-="+-__ -l 
BCGM CREEK J}( G '" 
----- -------- -- - ---- - ---- --- '- - -- -- - -!--!-- --,- -- -- --r-c---- -----~ --I----+-+--+--Ir--t--+-~--__I 
L C CREEK 4'11 
~- r- --_+___+--f-----+- -- --- -- t---t--- --- --
SLC AQUIDUCT 14'i 
-- C ---1--- ---If------+---+--+~_,f-+__+___-_+~___jf_ -_--_ 1-_-_ ~I --__+_~-.___t_-_+_--+----I-t-_+___-~--Iq-I'-I 
r A T~ wr ~t RHS 
-
4'7 
-
t---- _?JJ.. 
• Iql\ fo}A. 
491 
--
14.'5 
\---------+---+---+- -- ----1-- i --t--- --- -+____I-t---1- -- ----1t---+----+-_+-j---
- ----- -L- -- - -1---1----1-- -- -- 2-('I-I-_+_-+--+-+:--I-+-+--l---+-I-----4220~_ MD ;~.,i ! [< '" 
f'-,-,+--+----+---+-- I --- ~-----I--+--+I - 1-- ---- -- -- :~~-I---j'-t-+--+--- --+----+-----+--+--11-----'---74-4--
~------+-_____t --_+--+--t___jl----+_----+ - -- --I'--t-_+_ Be 
LC '7B!:~, I in ,1/" k~ t---~: i 'i' t-\_" ';l.~ 200; ~:~~~~~~~~~~~:~:~~~~:~:~I-q:::::::::-+-=:I=:==:=:-!-!~~-+~-~~JI;-!-~~---~~:~~~~:~:~~--_t___+_~-+_--Iol-:-----t 
IN, ~ 
JR NARROWS 
WELLS 
M 
N I ::t: 
I? 
\-------t--+__+___-+~___j-+___+_-+-~-~t---+__+___t____+-+---_+___-+~-t- - ~-_+-_4~-- -
49 
I? 
23'i 
I--___ ~_I--+-~-+_+__I-+___+_-+_+-f__+-_+_f-~ +_+--+-_+--I-+_-+-__+_- j ----f--: -- --- -l_+__+----I-t-_+-_+_-t--.__+-_+__--8-j? 
t--------t---1I--I--+_-+--+--+--I-~-t-_+___+_--+_t---t--+__t---+--+--+---l --,-f---I--__ll-f--- -+-- 1--1 -+2 __ 2'5_+__+_--+-___I_-+---+-_+__+--2-2-j7 
b-----------T-+--~_+~--I__+__I_~-1--r_+__r_+-~--+--I____+__t__r-+.--~- t 0 
1 i 0 
'0 91\<:01""'''''''' I I I i 47 477 
~r--------+-r~~~+_+-+_+-·l--~~~~~_+_+_r~~~-~~+_+_,-+_r_r_~~~~~~~--~ 
N 
LL 
WELLS 40 4-'=' 
1----
M
-----+-+-4-+-+---+---+-+---+--+--+·---c-----t-_t_-+--+-f----t---t---t--t--- -- ---- - --- -- ---+--+---+-1')-')+--+--1--+-+---+--1---+--
1 
q-,.,,--j 
I ~,
TP. 0 
TP2 0 
T~ 0 
WELl.S 21 2\ 
~----------t--+_+_-+__+~--+___+__+----_+-~~t-+_-I-~--+-_+__I_-~- b-,/__-r_+--r_----+--- -~--r-+__+__+____+--r_~-I-__+--------l 
M \1'i 127 
~~---I------~-+-4--+--r-~1--+~--f-----+-,/---+--+~I--+--+--~--r-~-1---If-·~-+-4--+--+---+~--+-;---+--+-~~+--+--+~I-----o---l 
o 
JR 5800-2100 SO, 42~ 
WELLS )b 
;02 ~o2 
Wb-----------T-+-1_-+~~I--~-_I___+-___l--+___+__I___+___I_--+-~~___jI__+_+__+__4~I__+____+___+-__lI_-+_1_~_4~--+_-+-_+----I--+-----~i 
I ~ U 
M 
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WELLS l'lb 4'" 2.42 
M 23 2, 
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Appendix H. (Continued). 
~TINATIONS WTP II., HI G r., rl ( D 
RHS sounCE~ -c-- i>::J HC:-L<5i--M r-I~~- rr; T~ M I fI M I A TP, MIA' If ~lrr;~p;~ -r ~- -I~;-M A T~ '" I -A-~T~~-+--'-W-VF""'W"'~·1..-1_ 
~_~~~2~lOJ[~,- , ____ ~ ~B~ .. J- r-f- ___ 1'_ --~- .-_.I~I---+_ -- .---I---+--+--+---I ___ ~ 
RU,E,PEi C CREEK 19\2<'.1 __ . __________ . _______ 1-__ 1--.-- __ ~ 
Be a M CREEK 41.;' 4 • 204 f>,4. 
--------~- --- ---f-f-· --r-'-- -----
LC CREEK ' __ f- __ ~_+-4.-ql-l---+--+--I_+---I---+---+-_ ._ .. --j--+--+~f--+--+-J . _____ 1-1-1- __ ~ 
I-~_LC_=_~=:~U_=I D=U=C=T==:=:III~_~_-_-+-~_4-~?~--~_~L~~~~:~_-I. I---I--_:~_-++--~:~~.-_'_-- ~--+. ~-·+---+--+---+,-_-t_r-tl-~~- -L- ,~-,- -:= =_~ _ _ __~ 
J-------~--l- 1--1-- ~.-I-+I -I---+---+---+--+--+---+\'-'t> L-L--+2_:~q_,)f--+-, -. - 1---t--- ~I- ----1 L;_: - --~~ 
';08 ~)'l, :--+,4-';+4-li+--~- :/; :-- -I i ! \')' i;.; Zi9 20-z0 
Be 
LC 
JR NARROWS 
J------II--+-+-·-f-'l-,~+-1-9-+--+- 1--.--""11----+--+--+--+~-..,.---:-l--t--+-t--+-·-+-._~lt~t - 'q 'L -1---1- ---i-~ j_~ 
--j--r- --1---1--- --- --r-~~_ ~r-'-I- --1- -l--r- z 
~-T-P-I-------+--I-I----+-~'-+---I--+-4--+--~---I--+--I--l--I----- 1- -+I-+---+--+---+--{------c) 
TP2 -+---+--+-<-+--+1- --, ---f--- --- - - t ---1- -- .--~ - -0 
WELLS 
M 
C\J I :x:. 
0 
129 
I? 
ca4 
'--
0 
9B 240 
B? 
~J~R-N-._T-0-9-4_00--S-0~·~~-+__r_4~--+_~-~_4--~+_~_+~!--~i'~--~~_r_r~--r-+-~-+--1-~ ~,i 
WELLS ~~ i: i ; ! 
?46 
--
0 
M 4--+--1--+--- - -r-- -- ·I----t-- - .-- .--i l-~iEI--- -.;- 1---
lD J---------+-4--+---+-I---+---+--+--I--f---I---+-~__I__+ 1- -- -+-t- ---+--+--1------- f..---- - ~ ---I -~-+--- f --1-- ---+--+---+--4
~--/-P-I -----.J---+~--+-+--+--+--1--l--I--+--+--+-+-·t- -1- -- r--- r- - ---- - -- I : 
WELLS 4b 
~--------.J---+--+--+__II--I----+--+---+--l---+---1- - "-1--1--- --t---t--f--t 
M 
u. 
JR 5800-2100 SO, 
WELLS 
M 
w~----------+--I-_+_--+--\--1-4--+--I,-~+-_+_--l-~--+--4--+~I--1-~ 
~'------~4-~---+--1-+--I--+~1--1-+-_+_~-~1--1--I--+-t__+--+-~ 
TP1 
KENNECOTT PIPE 
WELLS 
2020 
114 
0 
jIb 
+----/ --+--+--- - 4<0 
o 
2.9B 
,14 
II I 
1197 
Alternative 3 - Two Regional Plants (F 2 & E) 
~IONS WTP H2 HI G ["., FI E D 
SOURCES '---... -C:- ~,~ -£1(: l.C M I A T~T~ M I 1 A A r~ t-; rIA) ~ f(TS rT~-; f-'---rr- A T~ M-F Tf; WF }l RHS M I M I r'l Ii hi I A 
C[NTR.UT. PROJECT -~ ._------ f--- --~- --r-I--- ---- ----I-- -- r-- --~- - - -- --- -I-- --
~~~F;_!"~~ CRE~~ 1')1 '9 101 )(\ ;92 
-- 1--- - --- r- ----- ._---- f-- ----. 1---I-- f-- _.,-- - 1--f-- 1---- 1--- -- ---'...-
BC a M CREEK 2'10 it 7') '.:'1 <D?4 
-----------.--1-- f- --- c--- -_.- -- ---f-~- -- -I- - -- -- ---- -- ---
LC CREEK ~I? 
I--L-
1 is 491 
- - I--r- - -- ----- -- _.- -- - --._- -- -- --\- - - -~
SLC AQUIDUCT Wi L 145 r-- -- -- -- --
C I'll 101 
-/-- - --
--I---I-- -- - f-- -_.- ---I--
MD I f-_l=t_ (,'i 69 '---- .-- --- I--I-- ---I--- - --BC /-- ---t-- 1 r ~ -~ 1--- -- . f---- -- - I-- I---- I-- -- +-- -- -
LC 1'1 -+-_~L_ :Ii 'II 1 1'7"1 i I 1 ~ • i- I -~ JR NARROWS . '>7 ~ '-' 11 I I 1:'02 , J. ! 1 I ~:~. 20", 
--r- ----
WELLS !Cj 
-1-- -__ L I 19 -- -- I-!--I---- - -- ----
M 1 .10 40 
tv 
--+ --1-~- 1--- --
:r:: I I 1- _-.-1. 
TP, -~ 0 
TP2 0 
UTAH LAKE DIST. C 2'](" 256 
--\-- ---
21:>8 PROVO RES. CANAL 2~~ 
WELLS I, I) 
- M I~ 
+-
17 :r: 
--1-- -l-
I I 0 
J n N. TO 9400 SO. ! II"'! .\.(,2: 578 
WELLS n J _ ~~ 
---t- -- - --
M t,cl. ~ --- 59 (,!) 1---I-i-+--
I i 0 
--
TP, 0 
..Ii< 9q-~oUU !>O_ 4'7 i ! 41 IbO 4'07 737 
WELLS I 4(:, 46 
r -- -M (In 95 
--I--
I ., ? 
tv 
lL. TP , 
_......Q 
TP2 294 194 
TP3 0 
WELLS 21 2 \ 
M &7 02 
-lL. r 0 
TP, 0 
JR 5800-2100 SO. .- 741 742 
WELLS )C:, 
,?b 
M 7.70 270 
w 
r 1)0 ~o 
TP, -,~o '70 
KEN NECOn PIPE 9') 91) 
WELLS I) 1'0 242 
M b G:, 
0 -- -
BIB I ~Ie. 
--_.- --~-1--- f-- -- ---t--t--TP, i 0 fa 
JR 2100 SO.-CUDD~ r--~ I -f--~ 119 'J 2,4-r----- --- -- '-l- i -- ~- --- -f-- '0'" \~Co2 WF OUTFLOW 
--+-- ,10 I-- - -~- - --- I-- --+-- - -- -- --- 1----1--- --- f- "f-- ---~ UT r.Fr OUTFLOW 0 [><: 0- 0 cO - NO [>( 0- CO C- OO -.9(),J rl'\ 0 0 C\J 0 (0 -.;j 0- O-.:;l- 0 l{\O - 0 -..9 N 0 0 ~O- 0 -.9 0 q:0 It' I.C' r- lC' 0 C0J ~ 0) OJ I"- 0- r- 0' N - -.;t 0 1<'11"' - ~ \9 If'N C0J "'i lr' 0 - rl'\ - N - 1 10 If' - 1<'\ 0 - 00 - 1 - ~ rl'\ 
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Appendix H. (Continued). 
~s WTP __ ,-,"I? HI G F? FI f 0 c-~i[8CLc M --r-- -- e----- A tT ~ Tf2IH~ ---r- A HI -- tf; ----- T~ ~r RHS SOURCES MIA TP, 1~ I A M I A TP1 M J M J M 1 A M [ A 
CENTR.UT. pr~OJr:Cl 0 
---_._----r- --f-- I.---- -- --- c--- . r--J -- ----~, E, P ~~RE[K Iql 70 ·~f- "792 --- f--- 1- - - - 1-- -BC 6 M CREEK ,HI, A 4; 1(,1 ",4 --------c--1-- --~ -- --c-- - --c-- - - --- -+-r-T-- - -- -- - -
LC CREEK 3~\b 
---J- "'7 
4.C)l 
-~ -- l r- ---- ,-,-- --,-SLC AQUIDUCT l<i') 14. ? --1-- f---- t--- _. - - r- --- --C 1 19, I<=)I -r-- -- ---.- --\-- - .... -- c---- --'-AD _---l __ ~ 70 70 r--~ ---c-- -BC ~_ i z1 J L 420 r--- --r--c- -- ,--
LC 1\, , ' I lit' :fi I .:.(' i 1 5,1 
- r '-- I;bl JR NARROWS . ~/;; )')f. ., /. ') I , , "'7 20~~ 
-
, 
WELLS to I \9 
---+-- '-- - f-- ------ -
M (-4 b4 
N I :x: 2 2 
TP, 0 
,- -f-- --._- - .-.-TP2 0 
UTAH LAKE D15T. C i '1\' i l25 
PROVO RES. CANAL ! t,' 400 
WELLS I? I? 
r '-A ~~2 32 
- - --- - -
I j 0 
JR N.. TO 940050. ,91 . ~,{-. -r 
" 
460 
WELLS 1 s~ r~ I- 8, -----M 173 )7; (!) ,----I 0 
TP, I , 0 
J n ~4~5000 so. r-' I I'] 140 45'1 <010 
WELLS A~ 46 
M 1A-2 142 
I ') ? 
N TP, i 417 0 IL. 
TP2 ~ 427 
TP.,3 0 
WELLS 21 2\ 
M S"} 83 
IL. I 0 
TP I 0 
JR 5800 -2'00 so. 'i~'i 58'7 
WELLS ,~ ,6 
M Z'78 2'?B 
ILl - B5 r t>'7 
TP, 
'A-} 74:7 
KENNECOTT PIPE 97 97 
WELLS 37 210 242 
--
M Ib \b 
c 
e,\5 r ~18 
1---- ,-- - -
TP, It. 10 
J R 2100 SO_-CUDDY 
-f- ,-'- U2 24-2 - f-- f-- -- ~..;.'., 1<0<02 WF OUTFLOW 
~-
EFF OUTFLOW' 
-L -- - ---- --
tJf ! 0 [X -0 ~ 0' d:J G:l 0 0 -.::t N - er- a - 0 ...Q -.q ~r f""- 0 r--O r-- 0 - 0- N t<'\ C"I f- a ~ 0 N X Q::r-- ~ rf'\ N \l:'- 0- .,S) -.:::t r- \.Sl N o::J c:-.J ...9 '-.9 C"'I ~ C',j "'<t ~ 0 -.:;t ~ 0 -.::t l0- - '" OJ N c:-.I N <:t - t<' 10 1<"' - 0 - N "" i I 1 
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Appendix H. (Continued). 
J R S·1-5800 so. 
WELLS 
M 
I 
TP 1 
-
T P2 
---
4(0 
-+---+-1---4- 1-- ----- - - --.- -1----
-~f-+_~-+-_1--r-+_~___+-~·+_~-t---_+___+--I_- ---,---'-+_-r-~ .-1--
TP3 r-~----~----~~-_+~~+_+__r~--~+_4__+~--~+_~_4--r_+_--1-~-- -~~-r·-r----r_+-~~-·-;-' WELLS ;:1 
4~ 
1-9Cf 
? 
0 
770 770 
0 
21 
-- -.--- - -1-----.-- --I- ---- ---1-_+_-+--_/-1__-+-_+_----1 
M 12'7 
---+--I---+--+----+--I-+---+--_+_ -+--+-___+-+-+-~-+--I___+_-I-- -- -- -+---+___+-/.-..;--- ---1--+--+--1- '--
I 0 
...... -----+--+-~-_/___If--I___+_~---I-___I-+-~_II__+-_+-_1--+__+_-t-- -. --!-I--+---r· - --
- - --
TP, 0 
JR 5800-2100 so, MC> 44-0 
r-~---------;--r_r~~r-+_~~--r_t-+__r~--r_+__r_+--r_+__+-_r_+-{--+_4_-----_r~--r_+_~-_+_4--r-~~~----~ WEl LS ,f, :;;6 
1------+.--I-+-,--I---I.-I_-_+__+____+-+-_+_-1 ---f--- -- - 1--- --.- -- - - - 1-----1---+--/-+-_+_-1---1 -----
M )02 '?O2 W ...... ------i-_+_-+--+___I,-f--+-_+_--l·_1-+-~_+_-1___1,__+__+__1-r-._· -f---+--+--I----f-- - -- .. -- .- -1_- ---j--t--_r---\-t-_t--
---U r eM 
?J90 
'95" t-K"'E-N-N-E--:-:-~---P-IP-E-I--+-+-"'f-+-+-+--+--{-+--+--+--4-+-+-... +--+---+I---+----.--.1- --- ---1-- --~f---..;.. _---~~~:~:-1-7:-=:_-q-'i:----::=:=:=~7=9:=:=----t 
242-
--
23 
l\~ BI5 
2"';; 
o =_==~W~:M-p_:-,_L-=-S-=--=--=-:-_~-___ -+.--i+'--_-+-1-_-+-+-_-,4_-__ +-+---_ ~-- ~_-:==:=:=:-----+-_-__ ,_-.-+ __ I---r_-_+_--I~ _ =~ _ r;- '--i-~~' _ '0 '_-'+--+-7-' +--+-----1 
~ 2100 SO_-CUDDY I 
1--- - --I-- -- -- -+--+--+---t---+--+-+-f-1-+-+---~-+--+---f----t--l-- ---1---1-- -- - -1--
WF OUT.FLOW : 
~-TFrouTrLO-W-I--- r -r--r---- --- --,f--+-~--f--+ - -----1--1-- . 
xa-O~('oj.qd)-OOd) _~~~~\S'~ 0- ('01 ...q. 0-..q r- 11'0 If' "<l' OJ a C'J ..q. N 0"-- t<' 
2000 
I- - --.. -- - -.--
..s 00 0 C'J 0 0 0 
11'. IS' I"- -
II' ('oj N ,,9 
117 
?A2 242 
--t-- 1-- -- - - '-1--- -- -:; --.---:::-
,oc'" \ CoG, 2 
--- --- -- - ~-- --0 
0 r- -..9 ~ r- IS' !'C' 0 ~U' X C'l - cr- "<t 0 0 C'l - l'I' - - () a - NI'I' 
Appendix H. (Continued). 
~N5 WTP ~. r--H_~ HI G F F, f 0 I-c'"i1r BC LC ._-- . A tr ~ MIT A IPI -- ;-;;:-'T"rr M n; i~l RHS SOURCES " M I AITPI TI;, M I A M I A n'I M r TI:, 1 r:. M 1 A Wf 
CENTR,UTPf«)JECT 11/ ~"7 14 > 627 
----- --I--- - - -- - --'- .-
RB, E, pac CREEK I'll 'lol 392 f---:------- I-- .-- - f--.- - ._-- - --- --- ---
Be a M CHEEK .1/1- 4 I Z24 1O}4-
------ 1---t- ._- --- -- - --I- - _.- .-- t--
Le CREEK ~(,1[ 
-.!.- 4Q' 1------ --
--
.--I--1- - -
SLC AQUIDUCT \1'- 145 
f---
-- ---- .-
_.- --~ 
C I'll 191 
'-----
--I-- 1--- - --- - 1--. -- --- --- - -_ .. -
MD 201 2.01 
1--- ---I--I-- - -- -- ---- I-f-- 1-- f-- ~{- ---BC '2L~+- 42b 1---- 1--I- .. --o- r- --LC ~Ii 4~/!. I '.s 799 - ,. 
JR NARROWS ry r !:-> ~~l 14. '14(' I I Nri ~s ; \(') Z00; 
WEl.LS IQ -~I \9 M Id I" ., 
N -
:x: I 2 '2 
--
0 TPI 
- --- .--1-- --,-I-- .-
TP2 0 
UTAH lAK[ DIS! C ?E> 58 I--
-
PROVO R[S, CANAL 0 
WELLS I? 17 
I M (,4 I 04-
- - -
I 0 
J R N. TO 94OOS0. i 190 I ~. \'" 24-0 
WEllS b) ! 53 
----
I 
t--
345 M }H, 
(I) 
-- I---1----
I 0 
TP, Li 0 
J R 94- ~C;OO SO. 921 224 ?I~ 
WEllS 1.0 4-0 
- -_._. 1--
24-B M 24r. 
. 1---
I , 3 
N TP, I 0 LL 
TP2 I 792 772 
TP3 0 
WELLS 21 21 
M 171 \71 
LL I 0 
TP, 0 
JH 5800-2'00 SO. 29B 298 
WELLS ~6 -;0 
f--
M ~'l ?14-ILl 
I III III 
TP, 12 ,{I, 425 
KFNNECOTT PIPE 97 <15 
WELLS IBI '"-I 24-2 
M ~o ,0 
a 
- ~\B r 7A.. 7,H 
TP, 
-,0 ,0 
JR 2100 S0.-CUDD'l ?I.Z 242 
I--- ------
-WF OUTF LOW '0'" 
,'" 
\(01;,2 
--. 
- --- r--1-- -- -- ---
lIT EFF OUTflOW 0 
ex:: 0-0 ...g <t- O ctJ l!'-... 0 0 0 N -.:l b'0 CO ° a -.::t 00 N 0 ~o 0 0 U'-N NiS' - r- -.:t ° 0 N g[>< C'-..J O",.c-... \C' 1'1' ~ -.q 0 10 0 r- Q:' tC'-.q -1:'.1 0,,9 0 l'- \<" Il' - C'oJ ..q r-~ ~ -.9 r- lr' r- ~ -..9 - ~ - 0 - N I 
2020 
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Alternative 4 - Three Regional Plants (E, F 2' & H2 ) 
~--~~------~--------~----------~----~~------~-------------~-siINAlcloNS __ :-r:.-,---_+_-.--_,-HZ II I G r ? r I E 
I SOURC~ __ ~ C /\ir BC LC M rATp,~ 'M'-i'T /I' M' -I /I W, M -11 iI f~~iT-~~ ~~~ __ f\-+i_f_;'+-f-_M-+-I-1-;=-f-A_-+T_r."", _~'_11--1 +-A-+-T-J~+--+-w_Jr+\:....,T!-+-_R_H_S--I 
_C_ENT_R_,~T, P~~~~~~f-- .__ ." .J ___ . _ 1-'--,,- ,_t---I--,.~ __ O_I 
~~pa C,_~~~~~, :C)\ \,'7 . ___ , __ .. _. _. _ .. \D2'~ ___ \ __ --+~_I--+ __ .. ,92 
BC a M CREEK '2')0 ~ {0 ;< I 1014 
-----~-.-- --. --f--- --I-~- -- -- ... - ---f- - - - '.- --f-- ---
L C CR~EK ___ ,f-i---l--)I--!' __ I- _ __ ~~" 49 \ 
o 
~---c---~-I---f --l---+--+---f----f---1--4-----f---+--I- --Jf--i'-r--+--+---+-' ---1---1---1--. - ~, --SLC AQUIDUCT \4" j \47 
:=====M==D======~~~=:=:~_-+-_f-_--+r----1.I=--_+-___ -+I-____ : ___ :~:_-"_-If-__ - -~-+-'-+---+-~-i+ -~'-=C--~"_ - - -- ',~I- -+- -.. '1--."'--+---1---+-... I:~ 
BC +- I ".'iO'I-._J ' 2'70 
LC -I'! - --t-;,~I--, - '~, i" 4-~~, ---:1;1'-- - -1'~J~~J--- r-r- ---"~ 
JR NARROWS "".1,:" 1 '20;795 I 1 7t,'I, I -r--, 201O? ~·'---W-E-L-L-S---I-...j--4--4---Jl--~-'-9-+--I- -f--" +----t-t-t--1- - .-'-"~ 
- 1--1-- - ~ :--. '-1- - ---i·--I-----I--~·- -- - - ---+---j-+--+--.+---+---~ 
M I --+--\-I---I--t -f- ___ +-_-+-'-+---+_~~-\'--f-_I---I-+--+---1i_-4_0---, ~.-__ I ___ -4 .J--1r--t--I---t--t--+--1-4--+---+-4-~-'i -f-f--- Z 
T P 1 -+--1--t---t----t-.-~ - --- ----1---+--4---\--- -t- __ if--+--I---l __ ~---O..., 
TP 2 I liO __ t-_\_4_4_~ 
I--U_l A_H_L A_K_E_D_IS_T_" C-+-+----i_+__+-+-+--+-+-+--+_+--+-+--+-Z '1_-b-t ___ t---' __ ! _+--1-+---+-_+__-+-- Z? " 
PROVO RES. CANAL i 256 
t-------4----1---+-+-+--+----+--+---+--+--+--l-1--+-+-+--+--1-~·--+----+---+--+-+--·1----+-+-+--+--I--+--+-+-+--+--1----11---I\~--t 
-f--~ - r 0 
WELLS 
- M :r 
I 
JR N. TO 9400 so. 
"'" 
.+--+~--~+-~-+-4--~4-~-4--~--~ 
"J7S 
WELLS 
M 
.-_____ -+-_+_-+--4--+-+--+---+--1+-+__+---1---+-(:.-'-1-+---+--1-1-' t-··f--t--+- -!-- -- -- 1-- -·-+I--.... -+--4 __ + _ _+_-+----,1--+---+---+---=8-'3-t 
f,c) B9 
(}) 
r 
--+-4-+__-+---t---+--+-+-_+__--I- -j--+-+---+-- 1-- -- - -- ---11-+---+--+--- --+-f--+--+---+-I---l---
O
-4 
TPI o 
I 0 ~4-5S00 ~C. 
-', I 7,)7 
WELLS 40 4-" f------+--+--_+_--+--I+-+---+----+--4---.Jf---+---\.---I .... --t.--+-+--+--- --~- -- --- -- ... - ----1--+--+--+-,1--+-+--+--+-+__-+--+-----1 
M 4'?, CIS 
~------~--f-_4_-+--II--~+--+_-4-I--+__4_-+-4--f----+-_+_-4-+__+-_+_-I---4,--j-+---4-_+_+-f__+__+__+_+-f__+-~-+-~--~ 
I ? ., 
WELLS 2\ 2.1 
M I ~? 102 
~-~----I-----~-+-+----1~+--+-~---f--·+--t---+---+-t-+-+--+---t-r-I----4--+---+--+--+- 1---.1--+--+--+--+--+-+--+--+--+-+-+----0-; 
o 
JR 5800 -2100 SO, 7/.2 742 
WELLS 3h 
270 
e,o 
}50 ;''50 
KENNECOTT PIPE g5 
WELLS 242-
(0 M 
or---------~~_+-+-+__+__~-+-f__+__~_+~·~-~~--~-+--t-+_~~-~f__~+_~-~I--~+__r_+_+-r_~~~-~1- -b'it Ble 
~ 
" 
1------r----~~~~~~~~-~_+_+--+_+I-~-+-+---+---1,-+-r-T-~-~-­
TPI 
'9 21° 274 J R 2100 SO,-CUDO'l I I ! I I I--,----~-.- --1--+---+--+--+---.1--- ·r---+--+--+-·~f--+--t----T--j-----t-~_t_--I-I i-l-+_-+ ___ +-- ---'--1----- ---t-- --- ---+-4-_+_-4~+----i 
WF OUTFLOW ,,:v \4:><02 
'tJT[FF OUTFLOW -+---I~--l-.-f--+--+-t-+--t---+--+- -t--1----t--t-+----t-- -1'-1--1- -"- - ... -- .-+---1,----+--+- ~--4----f--~-_I_-~',-.. , ------0 
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Appendix H. (Continued). 
r:~~;i W1 P H2. TJ~ nd-M HI G F FI E l> -- - A ~fi'1-IW~., If.~ --- A T~ ,-- - 'r'l RHS SOURCES C ~ Be LC M I A 1 II M I A TPI M I M r A f/, r M I _ /\ T~ WF f-- -- I " 
CENlR.UT. PROJECT 0 
-_. 
---
-- .. -
HO,E,PSC CREEK 1')1 iO lOCI 0'\ )92 
--'-- -------1- -f-- - --, . ---1--- --
BC aM CREEK ~ 21 4- .\ ~ kl (034-
--
- --
._--I-- - --I- -- - .-e--f---- --I--
LC CRLEK ?f,. 10 1, 49\ 
I--------~ 1-- I-- - -t-- ---t--t- -- --- _. 
SLC AQUIDUCT Ittl 147 
1----- - - -- -_. -
C ;91 Ig, 
f-------
-- --t-- - I-- -- -- --- --~ - ----- _.'- - ---I- I-- -->--
MD 1(. 10 
--
-2;'41 4'2.6 BC 102 
- r-\-- -- I-L... --.- -- - I-- -- --I-1--- ---- -~j -- .-
LC 110 ')1 Iflh :'>9 1& t- ??I f-----.- ~I I'),~ , .) ~i~- -. Jf~ NARflOWS ?t- 21 I 47 .1 '7 I I 50? I '20<O? -WELLS 19 1'1 - . - t-- --J-- - +--
M ~;>t <04-
N ---1--- :::::r~1~ :r: I Z 
-
TPI . • - 0 
.-.. --1- -- I-- - -- . 
'~2 le1 . 4A. 2"?\ 
UTAH LAKE OIST. C 0 
PROVO RES, CANAL 400 
t--
400 
WELLS I;' \'3 
I M }Z ')2 
---t-- I-- - j.- --
I 0 
JR N. 10 9400 SO. i· 109 - }51 460 
WELLS B7 B, 
-
.---
M I) I \~~ (.!) r-/--
r 0 
--
TPI 0 
1 
J Ii ~~-~,Gao ~O. "10 010 
WELLS 4l., 
-1---- 46 - -- -- . 14.2 M It.l 
I , 3 
C\J TP I 0 IL. 
TP2 22& 228 
TP 3 0 
WELLS 21 21 
-- --
M g, ~? 
IL. T 0 
TP I 0 
-
JR 5800-2100 SO. 'je~ 7B'7 
WELLS }b % 
M 
W~-
2'78 2.78 
I B5 ~? 
TP, )A; ,43 
KENNEcon PIPE 95 9? 
WELLS ?2 210 241-
M 16 10 
0 .. 
BIB I 1.10 (,7~ 
--I-- 1---
-- --
"'-
TPI It; \10 
JR 2100 SO.-CUDD) i 242 24-2 
---- ---
'co, WF OUTFLOW 14,4,2 
~-
- - r--I-- ---J-- I-- t--- -- --- - .1-+- e-- .. I-- e--- - ,'<> UT EFF OUTflOW 0 
e><: 0 ~ 0"0) 0::> 0 "".q c:-..I - a-- 0 a ~~ 1<'0 cO a t-o r- 0 - (J'c:-..I I'<' <:'-I. i'" 0 ~ 0 NrC' [X 0- ;- N r<' NU' Q'- <-.J-..Sl ..qi'" ...9 N ...q N ...9 ~ N 0 <-.J"¢ K"O -.;;t \l't---<::l-l!' I'<'- cP 1:'1 ....... ~ ~ - '" Ir" - I<' - - 00' - ~N 
\'180 
120 
Appendix H. (Continued). 
I~STINATIONS Wl P Hz 
SOURC~ ___ c '~~ RerL( M-Ir-r;--F~F~ T~ M wr Yl RHS 
CEN1R.UT. PROJECT a 
---
----- --- - ---- --- ---f--I-- --+-+---+--+-_+__I-+--+--+--I-+---f-- ---f-- -+-~-+--+----- -- ---+-I--t---+--- --1-_1_-+-_+___1-+-
R 0 -,--l~ t P 8 C CR EEK 19 1 ~c: --r- --r--'- ---I--t-+--+---t-f--+--+----+-t--- ?c)2 
- f-- -- ---I---4--+-_+_--t--+--+--I 
- -0 - 1-+_-+--1---11-
BC a M CREEK .m 4 l' 196 10;4 
r--------t- -/---+-_+-+_+-- ---r- --1___1--- _f--+---,I-+-- -- -c---. - f-- ---- -- -- -- -1- - .---+---+--+--t~ 
LC CREEK ~(" 4-9\ 
--------~_l___+-___+-I__IL--+ -- --f--+--+-_+___I"--I----l--+---t-+--+--f- -1--1-- --- -- -- -+--+--+-+-- --1f--+--+-+-1-+----j 
SLC AQUIDUCT It 'j 14-'7 
---I-+-_+-+_+--+--_+__+_-+--II--+--+---+-t-+---+--+_+- r- -__1-_+_--+---11- - --.- -- -- --I___ 
C 191 
MD --2.01 
-_L_ - ~'l-" l----------I -4-_+_-+_+--t--- I -- -- - - 1--1--- -- --- 1-- - ',.-r--+--t--'-- -- ---t--t--+--+--
I---
BC ! I ~4 ~ • , J \ c:) 410 
LC 
r~ARROWS 
789 
---
----2.0"", 
--j-f--t---t---t- -- -- ----f--f-+-- -- ---- -- -- ~--- -f--r- -~--
~---+--i--r-~i~ - \l.r ---- --~-I--I--I--I--~~~-- J -T :--r----.-
I--------.+--+--+~-~- .... ------..j -1--+--. , --- -I--f---'-- -.,-+--+--+_. 
JR '7b,~l;:.12 Ll~ ill'- i! I '))1 ,(),v or ') 120 
WELLS 
--
I M 
I 
19 
----
lob 
2 
0 
,82 
~t-------+---t--+--+__I-Iq-+-+-! J .. '_--._ ':' · ~- ' __ +---_-+---+----+----+__1--+--+-_+_-+-+----+----.; J -+--+--+-1-- -- -- -- ----- - \-- -- f--
229 
L-
TP I 
TP2 I?) 
UTAH LAKE DIS! C 0 
PROVO RES. CANAL ?2? \, 
4£1 
WELLS 
r: M 
I 
I---------+--+-_+_-+___+-I--+--+-~-_+_-I-__I-~--+-_+-_+-_I__+__+_-~-+-+___+__+_-t-~---~-I-----r--+-+--+--+-f--+_-+---t--~ 
l-----------~+-_+_-+__I-t__+-_+-~__I-+-_+_-+-__1-t__+__+__+-t___t-_tl__r-__t__+_+--i--- -.---
a 
J R N. TO 9400 SO_ 21t'J 1 
WELLS 
M 
(!) 
I 
'--f----f-- _________ 1 i +- 5"? 
+-_+_-+---1-+---+---1-- -- r---f-c- ----- _J+ ____ t_+--+--+---/_-t-_2_2_~-f 
~----------+_-f-4_-+~I--t-4_-+___+-~I--+__+_-_+__I--+-__+-_+__Ir_+_+-, 
TPI o 
J R 94-5800 SO- 417 477 
(\J 
LL. 
WELLS 
M \9'7 
I 3 
TP I 0 
TP2 -m 723 
TP3 0 
r-__ W_E_L_L _ S __ -+--/ __ t--+_-r-i--1-+-_-+-~-_+--Ir--+--+--b-1-+---t--+--+-~-_t--+-211-r _______ 1--+-_+_-+-+-1--+--+-+--~+---~2=11 
M 12') \ 2'5 
1 0 
TP I 0 
JR 5800-210050_ dol.O 440 
WELLS '6?(o 
l------------f--+--+--+__II--I--+-- - ---j--+--+-_+--+- --t-+--r---t--I----+-- -+-I----t---t--t---I--- --t----1I--+--+--+--t--t__-t--t--+-l------t 
M ~oz "702 
Wl-------------+--+--+--+--It--t__+--i--1--1I--+---t---l---/--f---+--+--t--+--+---t-_+_-,I--+-+--+---t---+---+--+--+--/--t--/--1--4-_f--+------I 
q4 94 
KENNECOTT PIPE 9'] 97 
WELLS 1% 4b 242-
2000 
121 
Appendix H. (Continued). 
~~NATION~; WTP tl2 HI G F) FI E 0 'Cr~BC _. .-- ~M ------r--- - M"lA'fi~i T~ I'i\ - I-Arrlf -.- ---r-- -.- Tf~ f--~T RHS SOllRCES ----__.. LC J,1 1 A TP, I A M I A 1 PI M M I A 1f~ M I A wr ~: 
CENTR.UT. rROJ[CT II' I(\t\ • ?o5 
-----_.- -- _. . ---. r-- - r--- - - r-- -,-I--
RB, E, P R_C _~~~~~ ); )79 3?2. 
-- --- -- - -
-- -- --
BC a M CRLEK Alb .1 ?O4 G,,4 
---'--- t- -- --- -- --.-r- '--- f-- --
LC CREEK 4ql 4-<1 I 
'- - f--- .-I- . - ---- - f-- -- -- --- _. 
SLC AQUIDUCT 14') \415 
_. 
- - -- --r-
C ~7 ?? 
_.-
_. 
- - t-- f-- -- - _.- --MD ;79 5'5'} ._- ._- - ----r---- - ~- --Be d.2t> 4-2CC 
-.----- -- - -
-
._- -
-- - r---- - -- --t-- t---- --- - -1- - -- r-- --- .--
LC '~II L C'.ii I ~ :07 \ \ '2 \ 
JR NARROWS l/C' 'l )~, 2(, ?r- $= I . -'T- i:(:.! I ,"- ~'1{1 20fo? ,0 --iT _. WELLS l'l __ i \9 --f--- t-- - .--t--- i-I- - ---- -f--r--r-M 1(,') \~? C\J ---- r- r--- . :t: I 'l Z 
TP, I 0 
~? --- --- t - r-- ,.--- - - r--TP2 1 n '777 
UTAH LAKE DIST. C ~-r 0 -- --PROVO RES. CANAL 41 ')15 1 (020 
WELLS I? I? 
M h4 I 04 r: 
-
i 
-- - - I-
I 0 
J R N. TO 9400 SO. f),,! ill?! \] 24-0 
WELLS to? CO, 
--- r-- -- ._---- -
M ;'~E 
-+--- 74B U> . I--f---~~ .. - ---- -I 0 r----TPI J 0 
J R 94- 5800 SO 
.-
i : ;i0 -;1 Co 
WELLS 40 4(0 
'-r- - --r--- - -- 246 M 24~ 
I ~ ;, 
C\J TP I 0 u.. 
TP2 <1-22 422 
TP3 0 
WELLS 21 11 
--t-o 
M 171 \1\ 
~ r 0 
TP, 0 
JR 5800-2100 so. 298 298 
WELLS )6 ,6 
t--
M }14 3\4 
w 
r I 11\ 1\ \ 
TP, I I. ~2d. 10\ 417 
KENNEcon PIPE 95 9, 
WELLS 1£11 Go" 242 
M II }O ,0 
0 -- -
I 1 74- 744 6\8 
TPI >0 --30 
JR 2100 SO.-CUDD'I I ~- 242 242 t------- ---- - ,.---t--- - '0"- \ 10 ("2 WF OUTFLOW ! 
---.----
- -
---
--
. -r- ~'o 
VT EFF OUTFLOW 0 
~ !'f\/j' \.9 - 0 <l'l '" 0 l- e c-.I ~ rC'O 0::> 0 0 -.::t 00 ('J 0 It'O a 0 \t:'- <:-l c--l If' ::9 r- ...q a 0 I::'l r<' ~ \'('\U'- '01 ~ f\' Is-- r\\ r- If' -.::t a 0 It' a <:-.J ...q. g:: '" :! -~ 0 t- r<' l!' I!' \'f\ ~ - '" ~ - ...9 r- ~ .;;t t<' ~ ..q- - (j'-~ - 0 .- ~ ~ 
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Documentation of Computer Program TSHIP 
PART I -Program Information 
1. Origin of Program 
Program TSHIP originated at the Utah Water Re-
search Laboratory in connection with the project entitled 
"Evaluating Water Reuse Alternatives in Water Resources 
Planning-Phase I." It was written by Dr. William Grenney 
and Mr. Rangesan Narayanan. Funds were provided by the 
Office of the Water Resources Research. 
2. Purpose of Program 
The program was written to transform a transporta-
tion or transshipment problem into a linear programming 
problem framework and punch the data input cards in 
the appropriate format for the MPS/360 package. 
3. Problem Statement 
A transportation mode, where water resources were 
taken as sources and water requirements at various points 
in the study area were taken as destinations, was used for 
water resources planning. Since computer programs for 
solving transportation problems as such, are not very 
satisfactory, the need for casting this problem as a general 
linear programming problem arose. This prompted the 
writing of this program. 
4. Areas of Application 
This program can be used whenever a transshipment 
problem has to be cast in a linear programming framework. 
MPS/360 package provided by IBM or TEMPO provided 
by Burroughs have extensive capability to perform various 
operations like parametric analysis, sensitivity analysis, 
etc., on a linear programming problem. 
5. Methods of Computation 
A flow diagram of the program is shown in Figure 
A-I. Variables are defined on page 127. Input data 
formats are shown on page 131. 
Control data, the transshipment 'C' matrix and the 
b vector sets are read into the program TSHIP. This 
information is then echoed back on the line printer. If 
corrstraints forming a linear combination of a row and a 
column of a transportation problem has to be incor-
porated, the row number and column number for each of 
those constraints will have to be read in and an echo is 
reproduced on the line printer. 
A user option allows output to go to the line printer 
only or to both the line printer and the card pu~ch. The 
given data are used in the computation and output in four 
distinct steps. 
123 
a. Header cards are punched in the proper format. 
b. Cards are punched in the proper format for 
the ROW section of the input data for MPS/ 
360. ISIGN(I) is used to specify the constraint 
type for row I. 
c. The A matrix is constructed and punched 
column by column in the following manner: 
1. Two "l's" are located in the column 
K(K= 1,MN). 
IROW(I) = (K - IN + N)/N 
IROW(2) = (M + IN) 
in which K = column number in "A" 
rna trix K = I, MN 
IN = index from 1 to N for each of the 
M subsets of MN columns. 
2. Calculates A(IDX) and IROW (IDX) for 
the L constraint rows of "A" matrix 
checking against the input values of th~ 
rows and columns to form the constraints. 
d. The b vector sets are punched in the proper 
format for the RHS section of the input data 
for MPS/360. 
6. Basis for Selection of Method 
Another alternative is to punch manually the input 
cards. Manual formulation of the problem and punching 
are expensive. 
7. Accuracy, Limitations, and Restrictions 
The limitations are only imposed by the capability 
of the computer being used. The restrictions can be relaxed 
by increasing the values in the "DIMENSION" statement 
of the program. 
8. Definition of Technical Terms 
"A" matrix 
"b" vector 
transshipment 
"C" matrix 
constraint row 
and column 
refers to the coefficient matrix in 
a linear programming problem 
refers to the right hand side (RHS) 
vector of a linear programming 
problem 
refers to cost of shippin~ one unit 
from the ith source to jt destina-
tion for all i and j 
refers to constraints of the type 
(inflow into jth destination = 
outflow from kth origin, in which 
Figure A-I. Flow diagram for program TSHIP. 
Read: M, N, L, IOPT, NDATBV 
Write: M, N, L, IOPT, NDATBV 
\1' 
l Read: C (I); I = 1, M ~:~N I 
\1/ I Read: ISIGN(I) , B( 1, I); 1= 1,M+N+L I 
\1/ 
Read: B(KBV, I); KBV = 2,NDATBV; 1= 1,M+N+L I 
'v I Write the cost lYlatrix: C (I); I = 1, M~:~N I 
\/ 
Write the b vector: !3 (KB V, I); KBV = 1, NDATBV; 
1= 1,M+N+L 
'/ 
I IF (L = 0) GO TO 210 I yes 
no 
\/ 
Read: ICR (IL), ICC (IL); IL = 1, L 
Write: ICR(IL), ICC(IL); IL = 1, L 
\/ 
I I 210 L--J' 
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Figure A-I. Continued. 
I 210 I 
I Punch header cards ~ 
Punch cards for the ROW section of 
the input data for MPS/ 360 
.------------~>~ DO 35 K = l, MN I 
For column K determine the following: 
1. For the first M+N rows 
A(l) and IROW(l); (Locates the first 
nonze ro element in 
column K) 
A(2) and IROW(2); (Locates the second 
nonzero element in 
colmnn K) 
2. For L constraint rows 
A(IDX) and IROW(IDX); IDX> 2 
\ / 
(Locates nonzero eleTIlents 
in the constraint rows) 
For coluTIln K, punch cards for the 
COLUMN section of the input 
data for MPS/ 3 60 
~------------I 35 CONTINUE J 
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Figure A-I. Continued 
" 
DO 808 KBV = 1,NDATBV I /I 
\1/ 
Punch cards for the RHS (b vector) 
section of the input data 
for MPS/360 
\/ 
I 808 CONTINUE J I 
\t_ 
I END I 
4. Program Output j and k are physically the same 
node) The output is designed for MPS/360 input format. 
9. Functional Information 
The flow diagram is shown in Figure A-I. 
10. References 
Hadley, G. Linear Programming 
FORTRAN IV Manual 
PART II-Usage Infonnation 
1. Programming Language, Equipment, and 
Operating System 
The language is in FORTRAN IV The program is 
written for card deck input 
2. Description of the Input Requirements 
The number of sources. destination, constraints. 
option for line printer or line printer and card punch 
(-lor 1) an.d the number of "b" vector sets are to be 
provided. 
The second card starts with the elements of the cost 
matrix in row order. Then. the "b" vectors are input. 
3. Input Data Description 
A description of the input data variables and the 
internal variables used in the program are provided below. 
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Other variations can be obtained by changing the format 
structure of the source program. 
5. Example Case 
Prob~m I 
Transshipment "e" matrix 
Destinations B vector 
Sources B C D E b 1 b 2 
A 50 40 35 30 25 -25 
B 100 45 60 40 52 
-40 
C 60 95 35 30 21 40 
35 36 25 35 
35 40 35 20 
also constrain 
4 bl b2 
I: x . - i~ 1 Xu 18 10 j= 1 2J 
4 3 
I: x -j= 1 3j i~ lXi2 35 20 
Note: The negative sign on the elements in b2 vector are 
not consistent with simplex procedure. But for this com-
puter program, it does not matter, because this does not 
attempt to solve a linear programming problem. 
Card 
Sequence 
1 
2. 1 
2.2 
3. 1 
C01-
umns 
1-5 
6-10 
11-15 
16-20 
21-25 
1-10 
1-10 
1-10 
1 
2-11 
Description of Input Variables 
Vari-
able Variable 
Type Name 
1 M 
1 
1 
1 
1 
R 
R 
R 
Al 
R 
N 
L 
10PT 
NDATBV 
C (1) 
C (2) 
C (1) 
IS1GN( 1) 
B(l,l) 
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Variable 
Desc ription 
Number of rows in the 
cost matrix 
Number of columns in 
the cost m.atrix 
Number of constraints 
formed by linear com-
binations of the rows and 
columns of the transship-
ment matrix 
Output option: 
lOP T = + 1; output to line 
printer and card 
punch 
lOPT = - 1; output to line 
printer only 
Number of b vector sets 
Cost; row 1 column 1 
of the cost m.atrix 
Cost; ro\v 1 c olurnn 2 
of the cost matrix 
Cost; row M cohunn N 
of the cost rnatrix 
Constraint type of the 
first row 
N: Free row 
L: Les s t.han or equal to 
G: Greater than or equal to 
E: Equal t.o 
First element in the fir st 
B vector 
3. 2 
3. (M+N+L) 
4. 1 
4.2 
4. [(NDA TB V) 
~:~ (M + N + L) ] 
5. 1 
5. 2 
1 
2-11 
1 
2-11 
2-11 
2-11 
2-11 
1-5 
6-10 
1-5 
t... l() 
v -.LV 
Description of Input Variables (Continued) 
Al 
R 
Al 
R 
R 
R 
R 
I 
I 
I 
I 
ISIGN(2) 
B(l,2) 
ISIGN(I) 
B (1, I) 
ISIGN(M+N+L) 
B(l, N+N+L) 
B(2,1) 
B(2,2) 
B(KBV, I) 
B(NDATBV, 
M+N+L) 
ICR (1) 
ICC (1) 
ICR(2) 
ICR(IL) 
ICC(IL) 
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Constraint type of the 
second row 
Second element in the 
fir st b v~ctor 
Constraint type of row I 
Ith element in the first 
B vector 
First element in the 
second b vector 
Second element in the 
sec ond b vector 
Ith element in the KBVth 
b vector 
I = 1, 1\1 + N + L for ea ch 
KBV = 1, NDATBV 
Last element in the last 
b vector 
The row number and the 
column number identifying 
the same node for which 
inflow equals outflow cor-
responding to the first 
constraint 
The row number and the 
column number identifying 
the same node for which 
inflow equals outflow cor-
responding to the second 
constraint 
The row number and the 
column number identifying 
the same node for which 
inflow equals outflow cor-
responding to the ILth 
constraint 
5. (L) 
Variable 
Name 
, C(l) 
A(lDX) 
B{KBV,l) 
IROW(lDX) 
ICR(IL) 
ICC (IL) 
lSIGN(l) 
MN 
MPN 
lEND 
IN 
lDX 
NCARDS 
R 
Description of Input Variables (Continued) 
1-5 
6-10 
I 
I 
ICR(L) 
lCC(L) 
The row number and the 
column number identifying 
the same node for which 
inflow equals outflow cor-
responding to the Lth 
constraint 
Description of Internal Variables 
Variable Description 
Element in the cost matrix 
Nonzero element in the A matrix 
Ith element in the KBVth B vector 
Identifies the row number correspond-
ing to A(IDX) in a particular column 
Sum of M + N 
Sum of M + N + L 
C olurnn nurn.ber (1::: IN::: N) 
An index counting the number of nonzero 
elern.ents in a particular colurn.n of the A 
rn.atrix 
Nurn.ber of cards to be punched for a 
particular colurn.n of the A rn.atrix 
Logical unit nurn.ber of line printer 
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I ::: 2000 
IDX ::: 110 
KBV ::: 18 
I ::: 110 
IDX ::: 110 
IL ::: 110 
IL ::: 110 
I ::: 110 
Card No.1 
3 4 
Card No.2 
50. 
Card No.3 
40. 
etc. 
Card No. 14 
N25. 
2 -1 2 
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Card No. 15 
E52. 
etc. 
Card No. 32 
2 1 
Card No. 33 
3 2 
The fields for the input format have been already discussed 
under Section 3. 
A complete listing of the source program and the 
output for the example is provided. 
FiLl: 
f ,~L ~ 
5 :: G 1< E t'e ~~ E )' 
7 :: L i..) 
OlM~N~luN C'~OOU),A'110),BCle,110),lHU~'110), I~K'tlO),lCC(11J) 
.. ,ISIGN(llO) 
1 N T c. G l:. r~ R 
R=7 
REAU(S~~O) M,N,L,IO~T}NUA1Bv 
50 fO~~~AT(515) 
~RITE(6,lOOU) M,N,L,LUPT,NOAT6V 
51 
201 
010 
M~=M*N 
MPN:::M"H'-4 
I E. N U == 1'-1 P i'l i' L 
DO ~Ql 1::1,MN 
REAU(:>,51) C'l) 
FURi"IATCl""lO.u) 
CONT rl'1Ut 
DO CjlO I=l,!tNO 
REAUC5,~2) lSIG~'I),d'l,I) 
CQi'JT I:'iUC: 
00 dO) ~8V=~,NUAT~v 
DO 20d i=l,!ENlJ 
READ(~,52) !U~M 
52 FCRMAT(~1,Fl0.0) 
CQNT!NUt. 202 
b05 C 0 ;'J T I f~ fj E 
HRIT::'6iJ10lll 
~, rt I TEe 6, 1 0 2 U ) 
Jl:::l 
J2=1~ 
00 600 1=1,M 
: ; ,'< L i r.: , f) , 1 0 1 1 ) 
hRlfEC6,602) I,CCC~),J=Jl,J2) 
o 0 2 F C i~ MAT ( 1 H , ~ ROlf f , I 5 , 5 X , 1 5 ( lJ,I ~ ~ 1 • 2 ,/ / 1 H " ) ) 
h i~ r r E , b , 1 0 4 ) 
Jl:.:,J 
J2:-:.J2"'N 
000 CC~l Il'ilJ£ 
1011 FGRMAfC1H , IIII l~ 
~~"ITE~6,1()21 ) 
DC bG6 KUV=l,~OATB~ 
rl Ii ! T E: , 6} 1 0 1 ! ) 
wHllE'6~603) (b'KbV,1),1=1.1~ND) 
603 FCR~AT(lH 115C10fl?,2/1 1M ) 
aOo CONllhut. 
'* 14' * It It .. 'It ." * ." 11 "" * * • * * 'It * '" ;I\' '* * *:>- U I~! I t-' iJ T * * * 'k * * * * * -It • * * * "" * X 1<: ,. ..... fo:, * .. ,. 
If(L.l0.U) ~O TU 21u 
,,;~ ( 'j t: , 6, 1 () 2 2. ) 
lIO i"'C3 ,L=lJL 
I~~" A J ( :> , ) B) L C H elL) , ice ( 1 L ) 
') !'j ~- U r~ H :\ r ( ~ 1 ~) ) 
t~ ;'~ I 1 ~ < I), 1 lJ L!. \J) 1 l f< , 1 L ) # 1 C L , 1 L ) 
! I ~ l U:'\ i ll~ U t 
/ 1 :.J i. t~ I r € , 6, 1 U 1 I.. ) 
(, i' : I ~ ~ t, Ill) ~ ) 
131 
~~RI'ft6,(1) 
I~ClO~T,LT~U) ~u TO ~Ol 
~Rlrf'H,60) 
6 0 f C ~~ ~·I .~ r ( , t'J A ~~ t: f, lOX ~ ." R £: U ;:, E ' ) 
o 1 F lJ R ;-., ~ T ( 1 d J' i j ,\ ;-ll t, lOX, . f J~ t. U .) £ .f ) 
1 I)!I F!J i~ :1 A 1 ( 1 H 
~ t~ I .,- E C 6 .' 1 'J ~ ) 
h f~ IrE' b ; Cl ~~ ) 
IfClOiJT.LT.u) l1U ru 5U'2 
hHIT~~ll,106) 
~ -J 1_ C 0 r~ T I :~ u c~ 
1 0 6 F 0 rn~ A T ( , ~ 0 rj 5 f ) 
6 2 FOP. r~ A r , 1 ii ,f r< ~) 0' .:> ' ) 
~RITEC6}11]~) 
~RITE~b,21U7; 
If(IG~i.LT,u) GU TU ~03 
WRI rC'r< .• l')l) 
5 0 3 C U ;-.~ T I r~ U t. 
107 FORI-iATC iX, 'i~ Cl.J~T·) 
2107 FURMATCIH ,1Xp'N CuST') 
~04 
2108 
103 
30 
D 0 3 0 I:: 1 ~ 1 t. ~~ 0 
HRI rE'6,10:") 
W H r T E , 6 .. 2 1 0 ~.d 1.) 1 Li;H 1 ) , I 
If(!OPr.LT.u) GU Tu ~04 
HRITE'R,lO~) ISLGNCL),I 
CUNT'Ir·,UE .. _____ ... _______ ... _____________ . 
FOK~AT(lH ,lX~A!,2~,·kU~·,r~) 
FO~~AT( lX,Al,2h~·HOW·,r~) 
CO~·4 f I NUt:: 
-
~ HIT E , 0 , 1 J i, ) 
wRITE(~, 6j) 
IFCl1~TDLr.U) GJ TO JUS 
h H r T E , ~ ~ 1 (J '.) ) 
5 0 5 C 0 i'i T r hue 
11)C) ~·U~~A f, 'cnLUMj'~')f) 
6 3 F U ;i :.\ 1\ T ( 1 H , feu L U t~ f'i :) t ) 
IN=U 
o U 3 5 1".::'; 1 , ~~ 1'0 
J N :: J ;,~ 1" 1 
r f C .J ~i " Gr. !'i) J il = 1 
I H () ~1 C 1. ) .-: ( ,\ - J ~ t ~i ) IN 
AC1~::J. 
I H 0 ~ ( 2 ) :: ".1 + J 1'4 
A(?):":l 
Lux::? 
rF{L8~a.V) ~J Tu 70 
r,"'\ -" 'r .., 
L.I \) ,. J. L. ., :' I.. 
If(J~~ILC(I~» (2~73,'2 
IJ IOX:.:r~X-!'l 
r H n i't ( L fJ J. ) -= '1 t" I~ + 1 L 
A ( I LJ :< ) :: .. 1 
II (j, ~Ut'ltl)· .. LLR(!L» 71/'':>,(1 
132 
(J rUx~;Iux-i 
LiU fO 71 
7 : J ! F ( i ~t lJ (I , t ) .... .i. C t~ C ! L ») (1, 7 6 , 7 ! 
'i f) I U ,~ -. I u ;, + 1 
I Fd; ~i \. 1 G',t, ) ·:;.~i.Jl~ + L L 
;~ , ~.~,~ ) ~:: t J. 
11 CU,'.;TrNLJ~ 
{O j'i~~lJi'':::!U,< 
,., ~~ I I ~~ (, b • 1 () ~ ) 
"! ( r T :.' ( ; ~ )! I I,) l\; L '. 1\ ) , l f < (~ ,': ( :\ ) • II ( J ) 
If(lOPT.Lr.U) GU Tu SUb 
hlilTt:(R,lO!) K,(.;(r\),lHUhCl)/AC1) 
506 CO~~TINUt: 
- .. - H-17· 
1 0 1 fOR ,'-\ .'~ r C 4 X, , C U!_ ' , L 5 , 2 X 1 f C 'j ~) r ' , r) " , f "1 • '2 , / /.. I f K iJ Ii ' I lSI .:!. f" , Ft). 2. ) 
2101 fOHMAf(lri , 4X,'CUL',,15,2X,'CUSf'/uX,ard_2, 
NCA,Kr):':>=jljRO,../2 
If(f'4CAHu~.LT.l) GO ro 35 
IDX==l 
00 4 0 I CAR LJ :: 1 , N C A H i) ,,) 
ID~(:;lUx"'l 
IF(i'JHUtc-IOX"l) 3d, 3.;, 3'-} 
38 WRlr~<6,104) ,, __ 
~HrTf'6,210~) K/lriU~(lOX),A(rOX) 
IF(lU~T.LT.u) Gu Tu ~07 
~RlrECR~102) K,IRUrlCZUX),A(lQX) 
.. ._. 
507 CONT Ii'JU:: 
( X., t r~ Ij" ' , 1 5 , ~ X , F' 0 I 2 ) 
102 FOR~ATc 4X,·CUL',15,2X~·~G~',!5~2X,f~.2) 
2102 fPR~AT(lH, 4x,t_~U~f~LS,-_2.X,~_{Utl·'L'),'~y',f'd.'?)-.-_ 
GO TO 35 
39 WRIT£C6,104) 
. ~ R I T E r. 6 , 2 1 0 j) K ... 1 R J ;"H 1 D xJ , A , lOX) , 
* IHO~{!DX+l)~A' luX+l) 
IfCLO~T.LT.U) GU TJ 50~ 
_______ w R I T E , f( , lO 3) K I L H O.!" ( 1 D X )_!_ A ( J. D X ) '-
* IRO~(lOX+l)'A,rOX+l) 
508 CONTINUe.. 
103 FOR~Ar( 
*IS,2Xo)ftj.2) 
2103 FOHMATC1H , 
*I5'2X~F~.2) 
Iox~ILiX?l 
,~o CON T r r\J U i:. 
35 CONTI/sUE.. 
1"i,:(!lE'o,104) 
W H L f t~ ( 6 ~ ~ 0 0 ) 
I f { !, C ;') f • L r • () ) 
~'fR r TEC:~,,801) 
? 1 3 C 0 ~J r r f', U f. 
uU ra 513 
- - --- -
dOl f L) K ~ A r ( f t~ H 5 t ) __ _ ... __ 
800 fOHt~AT'lrl ,tRH~') 
NCA~C)~'~+N+L+l)/2 
DO 80j hBV=l,NDAT~v 
K=O 
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00 400 lCARU=l.NCARU~ 
K=Ktl 
I F ( :.\ -r ,.j ~ L - K - !) I~ U 5 , ~~ i. (J , q 1 0 
405 ~'fRITt:(61104) 
WRll;:::~6,241j) KdV,K,d(.l{hV,i\J 
rF(lO~T.LT.v) Gu TO ~lO 
WHlrr:.'d, 41:J) KtJV,K,U<K,.;V,K) 
~lO CONTlhUt:: 
:. 1 5 Fun t" ,~-j ( (I ~~ ~ • tj VEe r • I I Co ~ .3 X, f r( lJ ~ , , 1 "J ~ 't!. X .1 f Ij • G ) 
2 it l~) f LJ ;~ ,..~ :\ I ( .1. H l' Lf X , f d V t. cit } r 2 , j X, I t"~ U fi ' , 1 J , 2. X , F 0 .. u ) 
GO TO 4 U~ 
ii ! 0 ~'I H I r [ , [) ~ 1 0 L~ ) 
ri HIT i: , 0 , :~ !+ 2 u) r< d V , K 1 b ( K 0 V .- r<. ) 1 K + 1 1 lj < f\ d V , r\ ~ 1 ) 
If(10~r"LTo0) ~G TO ~11 
h i~ I T E ( f-~ , 4 2 '.;) K d V 1 r\ , tJ ( ~ d V , 1\ ) 1 r\ ... 1 , t.J ( (\ :3 V , K t 1 ) 
5 1 1 C U:--J r I 1'1 U ~ 
J. ~ 0 f' (J ~ (·1..\1 ( 4 X 1 ' r; V t. cr' , 1 t? , j X , • r( U 1'1 ' , ! '] 1 t. '(, , rd. li 1 I ;( , t f~ J ,', ' 1 1 ) , t!.. X , ;- d • V 2 
~ ," 2 0 f U ~ H,\ r < 1 HI'. X P t r:J V t. C I ' , i 2. , 3 X , , ~ LJ '" t , 1 ) , 2 X , ~ oj • \., I ( X , • r( U ,'I • , 1 ~ ~ I.. x , t- (j • U j 
II () 0 C U :'1 r I ,,, I.) :-
b () ::! C U ~l r I NUt. 
1 0 () 0 f U :1 MAT ( 1 H " t1 U rj ~ 't-1) =', 1 ~ J d X, • C U L U r~ N S ,I\j) :;', I ) , tj X , teo l',j S I K p, r 1\1 r s • 
Go t ::',,! J ,. ~ X , • ll~ rJ I :.:', 1 3 , d X, , I~ 0 A r ~ v. _ = • , 1 J ) _.... _ .. __ . _ _. 
1020 F O:i H A I ( 1 H / I 111 1 1 vi. J • * I: * Ir * * * *' .... *' .. *' 1r *' .. ." II .. * fr * * It * *' It' *' *" c u S ~ A 
*' T R 1 X *." * " ~ ~ ~ ~ * ~ * * * " * If * * .. * .. * *' - .. ~ .. * *' .. • ) 
102 1 F iJ J I'~ A r , i H 1 , 1 U ,( 1 ' W'" it 'If -:'f *' *'·If *_ *' *' if*, • * .. * * *' .. *' 1t .. * .. *" 1-:' * *' * b II __ E __ c I U._ I~ 1\ ~ k ' 
***~***"*~~*k~*.***~******'*t) 
101~~ FtJK''-lAT< lhl) 
1040 FUHMATC1H 1~112) 
1 U ? ? F 0 ;.~ I'" A T ( 1 til " • 1t \11 * c..: U ~4 S T K A I N 
~HITE'6"lO~) 
wHlfE'6,lO,4') 
If(l·D~T.LT.U) Gu TU jll 
wRIT£<R}1046) 
~ 1 2 CON T ! r~ u ~ .. . ... __ . ______ . _____ .. __ 
1 0 i~ :) F 0 ~ ~ A. T ( 1 HIt E ~l U A TAt ) 
1 0 :. 6 FOR ~ ;l, T C f E i'4 0 A TAt ) 
STOP 
END 
134 
ROWS (M> = 3 CCLllMNS (N) = 4 C ONSiR 1,1 NTS :; 2. rOPl ::-1 tlDA lBV:; 2. 
**.****~****~***********~~*~K~ ~ u ~ M A H X ~*****.**~*~~**~****.**~~**~~, 
HO", 1 50.00 40.UO J5.00 3~.OO 
HOn 2 100.00 45.(;0 tlO.OO 'iV,UO 
-W 
til 
kCdl 3 60.00 95.00 JS.OO 3u.OO 
• w~W.*A ~~~~~~~M _*w**~~~~w*.* 0 v ro C T I ; .~ ..... * .", .... '" * * * -It 11 .. "* * * * 1f t. * if * 11 * "* k * If * ;, .... 
2'5,JU ')2,00 21 .00 3;;;.00 3b.OO d~.O() 35.0U ll1.00 3 S. v() 
-~5.0U -40.00 40.00 3').00 40.00 ::SS.OQ 20.00 1"J.OiJ 20.0J 
1'1 t\ :,~ E 
Hl.i .l~ 
N COST 
N P. U I~ 
c RO 11 ... 
II n 0 ~~ 
L HOW 
L ROW 
U HO~ 
L ~OW 
£ ROW 
L HO,; 
COL 
COL 
COL 
COl 
COL 
COL 
C (J t .. 
C fJ L 
~*~ CON S T R A 1 N T S ••• 
1 
.3 
6 
I 
2 
.3 
1 
2 
-,----~-- --.-- "------ -----.------ ------------------ --.-. --------
CO~T ~O.O(J KU", 1 1 .00 
. ".- ----_ .. _- --. -----... - ._- ._--
1 ROi'i 4 1 .00 HUN d -1 .00 
~ COS I '+ .0.' 00_ _ ____ ____ ~ ai~ _____ _____ L_ 1 .uO _ 
2 HO,.. S 1 .00 KO,) 9 ... 1 .00 
j COST 35.00 KG" 1 1 .00 
3 ROH 6 .. 1 .00_ .. _-
-' 
Ii COST 30.00 KU" 1 ! .00 
Lt RO}'i 7 1 .0(; 
~ COST 1JO_.00 . __ ._ K.d .~. __ 2_ ! .U'J 
~ HOI'I 4 1 .00 
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l.OL 6 CO~f 45.0() I"(:Jr1 2 1 .Od 
rill 0 H C; y/ S 1.00 HU'" d 1.JJ 
CUL b t! U ,,/ ~ -1 .00 
C U i~ ! COS!" 60.0U I"'( j I' 2. L .0u 
CO~ t HUll 6 1 .00 KJIl d 1 • U'J 
C LJ L j cUS! L+O.oo Ii J'l 2 1 ~ 0 J 
C (J 1_ U t ~ ;J ,'I I 1 • 0 U r<-1h (j 4 • U 'J 
; 1'1 L lj ') I oO.o~ r< J 11 1 • I.i ) 
CoL y R CJ r~ 4 1 .00 I(' J r~ d "'l.OJ 
COL 0.; Ii t..J (/ c.; 1 • IJ U 
COL 1 U COS1 C;5.CO t-<ijh 3 ~ •. U 0 
COL 10 HL.J~ 1 .00 
COL 1 1 C!JSf .;is.OO t< (J rY 3 !.00 
COL 1 1 RO, .. 1 .00 K d r'l ') .L~.O'I 
COL 12 cosr 30.00 1"( l) r, 3 1 .00 
-. -
... _- . -... - ..... - - --------- ... ------- -..• 
COL 12 HOw , 1.00 K J,~ 'f 1 .0 U 
p,,",~ 
-------. --
.-. - -_. -_ .. _-
----- ---. ----- - .. --.. -
B\J~CT 1 RO~1 1 2:5. r< U.-. 2 52. 
-. -- -- ----- ----- - --
-- -.- --.---.-_. 
t3vECT 1 KUW 3 21 • KG" 4 j 5 • 
!3,,~Cr 1 ~LJrl 5 36 !. ____ rt'1~_ .. ___ 6 
-- -----
t. 5_~. ___ 
_'. - 0---_._-----
BVECT 1 R O~'4 7 35. Ii tJ~, 8 L 8 • 
------- ---- -- -- --
- -----.--.-- .. ---- -----.-- -- _._------- -- --------
tJVECT 1 KG,.., -} 35. 
B'IECT 2 ROI1 1 
-2". .. __ ct~ J_~f 2 -:- ~Q_!'--
BVECT 2 ROW 3 1.j0. r< IJ r'1 q 35. 
- -- - ... - .-
BVECT ? HOW S 1+ () • H.) Ij 6 j~. 
i:3VECT 2 ROW r 20. ti Ij !' a 10. 
B V r~ C 'I' ~ t(Ow ') ~U. 
£ h I.);~ T A 
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